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Q. 1 Complete the cross word by filling either left to right or vertically the unit of appropriate physical quantity 
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Pressure 
Temperature 
Across: Energy 
down: Heat 
Power 
Frequency 
Charge 
Current 
Potential difference 
Resistance 
Length -
Absolute temperature 
Time 
Force 
Weight 
Mass 

Q.2 A uniform wire of length Land mass M is stretched between two fixed points, keeping a tension force F. 
A sound of frequency jj. is impressed on it. Then the maximum vibrational energy is existing in the wire 
when )a= 

1 ML 
(B) — V M (C)2 : 

1 L 

Q.3 Which of the following physical quantities represents the dimensional formula [M'L 2T~2]. 
(A) Energy/Area . (B) Pressure } . (C) Force * length (p) Pressure per unit length 

Q. 4 In a particular system of unit, if the unit of mass becomes twice & that of time becomes half, then 8 Joules 
will be written as - units of work 

(A) 16 !mi ( 0 4 (D) 64 

Q. 5 Which of the following equations can be dimensionally incorrect.( Symbol have their usual notations.) 

I ml' " ' 
(A) t = 2n 

V T 
(B) / == 

m(f , 2 - f 2
2 ) 

( C ) t -
ml 

y 6Fsin0 Gm 

Q.6 The time dependence ofa physical quantity pis given by p= p0e(7"'2) where a is constant and t is time. 

The constant a 
(A) is dimensionless has dimensions T"2 

(C) has dimensions T2 (D) has dimensions of p 
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Q. 1 A gas bubble oscillates with a time period T proportional to Pa db Ec where P is pressure, d is the density 
and E is the energy. The values of a, b & c are : 

3 1 1 5 1 1 
(A) a = 2 , b = - - , c = - ( B ) a = - - , b = - , c = -

/ 5 1 1 3 1 1 

Q.2 If the unit of length be doubled then the numerical value of the universal gravitation constant G will 
become (with respect to present value) 

(A) double ' (B)half (C) 8 times J 0 ) l/8times 

Q. 3 Force F and density d are related as F = ^ then find the dimensions of a and (5. 

Q.4 In the following equations, the distance x is in metres, the time t in seconds and the velocity v in 
metres/second. What are the SI units of the constants C, and C2? 
(a) y : = 2C,x- (b) x = Cj cosC2t (c) v - C ^ 1 ' 

nRT 3 

Q.5 In the formula p = — — e R T V . Find the dimensions of a and b where p=pressure,n=no. of moles, 
V - b -

T=temperature, V=volume and R=universal gas constant. 

Q.6 The value of Stefan's constant in CGS system is a = 5.67 x 10~5 erg s"1 cm - 2 K~4. Its value in SI units 
is • . 

Q.7 Match the following:. 
COLUMN-1 C O L U M N - I I 

(a) Latent heat constant (i) M ° L ° T U © 
(b) Reynold number (ii) M L 2 © 
(c) coefficient of friction (iii) M L ° T " 3 © 
(d) Avogadro constant 

(iv) L 2 T - 2 © 
(e) Intensity of wave (v) M ° L ° T ° © 
(f) Moment of inertia (vi) moH @ 

Q. 8 The loss of pressure when a fluid flows through a pipe is given by P = k pa / Vb dc JJ, where d and / are 
diameter and length of the pipe respectively, p and p, are the mass density and coefficient of viscosity of 
the fluid, V is the mean velocity of flow through the pipe and k is a numerical constant. Find the values of 
a, b and c. 

Tn fwn svQtpmc nf unite tbp relation hptwwn vplnr.itv arr.plpratirvn and fnrr.e is oiven hv V. = . J ^ Q . 9 In two systems of units, the relation between velocity, acceleration and force is given by v2=•• 
" * 

p . . .nV L j 
a - = a,z\, F,= — , where s and x are constants then find in this new system (£) , (b) T Z 1 'FT '•• nil Li I 

Q. 10 If K represent kinetic energy, v velocity and 7'time and these are chosen as the fundamental units then 
find the dimension ofsuiTaee tension in terms of K, V, T. 

i 
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Q. 1 A vector A is directed along 30° west of north direction and another vector B along 15° south of east. 

Their resultant cannot be in ____ directi on. 
(A) North (B) East " (C) North-East (D) South 

: t f^l Q.2 Two forces P and Q are in ratio P : Q = 1 : 2. If their resultant is at an angle tan - 1
 ? to vector 

P, then angle be tween P and Q i s : 

( A ) t a n - 1 ^ (B) 45° (C) 30° (D) 60° 

Q.3 If the speed of light (C), acceleration due to gravity(g) and pressure (P) are taken as fundamental units, 
the dimensions of gravitational constant (G) are 
(A) c2g3p2 ( B ) c ° g V ! (C)c 2g 2p~ 2 (D) c°gp"3 

Q.4 A force of 6kg and another of 8kg can be applied together to produce the effect of a single force of: 
(A) l k g (B) 11 kg (C) 15 kg (D) 20 kg 

Q.5 The horizontal component of a force of i 0 N inclined at 30° to vertical is : 

r - 1 0 

(A) 3 N ( B ) 5 v 3 (C) 5 N (D) " t N 
• v j 

^ Q . 6 - - A particle is m o v i n g westward with a velocity v, = 5 m/s . Its velocity changed to v 2
 = 5 m/s 

( ^ 
northward . The change in velocity vector j A V = v , - v , | is : 

(A) 5 V 2 m/s towards north east (B) 5 m/s towards north west 

(C) zero (D) 5 v 2 m/s towards nor th west 

Q.7 The angle subtended by the moon's diameter at a point on the earth is about 0.524°. Use this and the fact 
that the moon is about 384 Mm away to find the diameter of the moon. 

Q.8 Using lAU(meanear th-sundis tanee)=1.5><10 n mandparsecasdis tancea t which 1 AUsub tendsan 
angle of 1 sec of arc, fmd parsec in metres, 

- > " ' — > 

Q.9 ABCDEF is a regular hexagon in which AB represent a vector p & BC represents a vector q .Find 

the vectors which the CD, DE, EF, & FA represent in terms of p and q . 

Q. 10 A man is travelling in east direction with a velocity of 6 m/s. Rain is falling down vertically with a speed of 
4 m/s. Find the velocity of rain with respect to man and its angle with the vertical using the concept that 
relative velocity of B w.r.t A = v R - v A . 
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Q. 1 Which of the following quantities are dimensionless? (symbols have their usual meaning) 

(A) 
I© 

(B) 
Gp 

(C) 
p v r T 0 

[Useful relation I = — mr2, F = 6itr|rv] 

Q.2 |aj = 2; |bj = 3; jcj = 6. Angle between a and b ; b and c and c and a is 120° each, find |a + b + c| 

(A)Vis" (B) -Jvi (C) Vl3 (D)vT l 

TcPr4 

Q.3 Which ofthe following quantities have dimensions of • (Q ^ volume flow rate in mVs) 

(A) surface tension (S) (B) coefficient of viscosity 
(C) energy (D) power 

Q.4 A force F=6i-8j+l Ok newton produces acceleration 1 m/s2 in a body. The mass of the body is (in kg) 

(A) 6i-8j+10k (B) 100 (C) 10V2 (D) 10 

Q.5 A particle is acted upon by the forces Fj =2 i + a j - 3 k , % = 5 i + c j - b k , F 3 =b i + 5 j - 7 k , 

R = ci + 6 j - ak. • Find the values of the constants a, b. c in order that the particle will be in equilibrium, 

Q. 6 The x and y components of vector A are 4m and 6mrespectively. The x,y components of vector A + B 

are 10m and 9m respectively. The length of B is and angle that B makes with the 
x axis is given by . 

Q. 7 The angle V3 i - j vector makes with the positive x-axis is . 

Q. 8 Three vectors as shown in the fig have magnitudes 

I = 3, b = 4 and |c = 10 
] 

(i) Find the x and y components of these vectors. 

(ii) Find the numbers p and q such that c = p a + q b • 

Q.9 A 300 gm mass has a velocity of v = 3 i + 4 j m/s at certain instant. Its kinetic energy is _ 

Q. 10 At t = 0, a particle at (1, 0, 0) moves with velocity vector = (151 + 20j + 60k) m/s. Find its position 
vector at time t = 2 sec. 
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Q. 1 Choose the option, whose pair doesn't have same dimensions. 
(A) (Pressure x Volume) & Work done (B) (Force x Time) & Change in momentum 
(C) Kilocalorie & Joule (D) Angle & no. of moles 

Q.2 ABCD is a quadrilateral. Forces B A , BC, CD & DA act at a point. Their resultant is 

(A) 2 AB (B) 2 DA (C) zero vector (D) 2 BA 

Q.3 A + B = 2i and A - B = 4 j then angle between A and B is 
(A) 127° (B) 143° (C) 53° (D) 37° 

Q.4 Aforce F = 3i+cj+ 2k acting ona particle causes a displacement d = -4i+2j+ 3k • Ifthe work done is 
6J then the value of 'c ' is 

(A) 12 (B) 0 (CJ 6 (D) 1 

Q. 5 A particle is displaced from A s (2,2,4) to B = (5, -3 , -1). Aconstant force of 34N acts in the direction 

r 
of AP. where P = (10,2, -11). (Coordinates are in m), 

(i) Find the (F )• (ii) Find the work done by the force to cause the displacement. 

Q.6 A vector b which has a magnitude 8.0 is added to a vector A which lie along the x-axis. The sum of 
these two vectors is a third vector which lie along the y-axis and has a magnitude that is twice the 

magnitude of a • The magnitude of A is . 

Q.7 A particle travels with speed 50m/s from the point (3, - 7 ) in a direction 7i - 24 j • Find its position 

vector after 3 seconds. 

Q. 8 When two vectors of magnitudes P and Q are inclined at an angle 0 the magnitude of their resultant 2P. 
When the inclination is changed to 180 - 9 the magnitude of the resultant is halved. Find the ratio ofP to Q 

Q 9 A particle whose speed is 50 m/s moves along the line from A (2,1) to B (9, 25) . Find its velocity 

vector in the form of ai +b j . 
y 

Q.10 A particle of mass 10 kg moves in x-y plane such that its j* 
coordinates are given by (5t2,15t2). Find 2 

(a) acceleration vector of the particle j^~l"j"=ioaNT ~ x 

(b) this acceleration is produced by three forces. They are acting in the direction 
shown in the figure. Find the rnagnitude of forces F t and F2. 

(c) Find the work done by Fj and work done by F2 from t = 1 to t = 2 sec. 
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Q 1 E, m, L, G denote energy, mass, angular momentum & gravitation constant respectively. The dimensions 

EL2 

of « „ will be that of : 
m 5 G 2 

(A) angle (B) length (C) mass (D) time 

The position of a particle at time t, is given by the reaction, x(t) = — (1 - e a t), where v0 is a constant 
in):- -A " ™ 

and a > 0. The dimensions of v0 & a are respectively. 
M° L1 T° & T -1 ( B ) M ° L 1 T ^ ' & T 

(C) M° L1 T"1 & T-1 (D) M1 L1 T"1 & LT~2 

Q. 3 Given the vectors 

A = 2i + 3 j — k 

B = 3 i - 2 j - 2 k 

& C = pi + pj + 2pk 

Find the angle between (A—B) & C 

r v r 

Q.4 

(A) 6 = cos-1 ^ j (B) 6 = cos"1 \ k 2 ) (C) 8 = cos" 

A = i + j - k ; B = 2i + 3j + 5k anglebetween A and B is 

(A) 120° 0 90° (C) 60° 

(39?) none of these 

(D) 30c 

Q.5 IfPis the pressure of a gas and p is its density, then dimension of velocity is given by 
i p ' ^ p - ( B ) p I / 2 p l / 2 (C) p- l y i p1 ( D ) P i-l/2 p.-1/2 

Q.6 Aforce F = 3i + 2 j + ck newton causes a displacement r = ci + 4 j + ck meter .The work done is 36 
joule. Find the value (s) o f ' c'. 

Q.7 Aforceof35N.actsinthedirectionparallelto 2i + 3j + 6k and it displaces a body from ( lm,0m, 3m) to 

(3m,4m,lm) 
Express the force vector (in unit vector form) 
Find the work done. 

Q.8 (a) Calculate r = a - b + c where a = 5 i + 4 j - 6k , b - - 21 + 2j + 3k and c = 41 + 3 j -t- 2k . 
(b) Calculate the angle between and the z-axi s 

(c) Find the angle between g and b 

Q.9 I f A = 2i + j & B = i - j sketch vectors graphically & find component of A along B & perpendicular 

t o B 

Q.10 A body is supported on a smooth plane inclined at 30° to the 
" 7 horizontal by a string attached to the body and held at an angle of 
> 30° to the plane. Draw a diagram showing the forces acting on the 

• body and resolve each of these forces(forces arestrings Tension T, 
; weight W & normal reaction by plane) 

(a) horizontally and vertically. 
(b) parallel and perpendicular to the plane. 
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Q. 1 A man moves in an open field such that after moving 10 m in a straight line, he makes a sharp turn of 60° 

to his left. Find the total displacement of the man just after 7 such turns. 
(A) 10 m (B) 20 m ( C ) 7 0 m (D) 3 0 m 

Q.2 Momentum of a body moving in a straight line is p = (t2 + 2t + 1) kg in/ s. Force acting on a body at t=2sec 
(A) 6 N (B) 8 N (C) 4 N ( D ) 2 N 

Q. 3 From the following pairs of physical quantities, in which group dimensions are not same: 
(A) momentum & Impulse (B) torque & energy 
(C) energy & work (D) light year & minute 

Q.4 A particle moves along a straight line such that at time t its displacement from a fixed point O on the line 
is 312 — 2. The velocity of the particle when t = 2 is: 
(A) 8 ms-1 (B) 4 ms~l (CM 2 ms-1 (D)0 

Q. 5 If the distance's' travelled by a body in time T is given by s = - + bt2 then the acceleration equals 

- 2a 2s 2a ^ s 
( A ) - r + 2 b (B)-^r ( Q 2b - - j j .(D) p -

Q.6 Forces of magnitudes 2P, 4P, 3P and P act on a particle in directions parallel to the 

sides AB ,B C, CD and DE of a regular hexagon. Find the magnitude and direction of their resultant. 

Q. 7 Show that energy, density and power form a fundamental system of units. Find the dimensional formula 
of universal gravitational constant (G) in this system. 

Q.8 The area ' A of a blot of ink is growing such that after t sec. its area is given byA=3t2+7cm2 . Calculate 
the rate of increase of area at t = 5 sec. 

Q.9 The angle 8 through which a pulley turns with time t is specified by the function 

d9 
9 = t2 + 3t - 5. Find the angular velocity © = — at t = 5 sec. 

Q. 10 The motion of a particle in a straight line is defined by the relation x -1 4 - 12t2 - 40 where x is in metres 
and t is in sec. Determine the position x, velocity v and accleration a of the particle at 
t = 2sec. 
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Q. 1 In a given system ofunits, 1 unit of mass= 2 kg, 1 unit oflength = 5 m and 1 unit of time = 5 sec. Then 

in this system, 1N represents: 
5 2 1 

(A) - units of force (B) - units of force (C) 2 units of force (D) - units of force 

0 .2 The sum of three forces Fj — 100N, F, —80N & Fj — 60N acting on a particle is zero. The angle 

between F, & F2 is nearly 
(A) 53° (B) 143° (C) 37° (D) 127° (E) 90° 

Q.3 A point moves in a straight line so that its displacement is x m at time t sec, given by x2 = t2 + 1. Its 
acceleration in m/s2 at time t sec is : 

Q.4 A particle moves in the xy plane and at time t is at the point whose coordinates are (t2, t3 - 2t). Then at 
what instant of time will-its velocity and acceleration vectors be perpendicular to each other? 
(A) 1/3sec (B) 2/3 sec (C) 3/2 sec (D) never 

Q.5 The co-ordinates of a moving particle at a time t, are given by, x = 5 sin lOt, y = 5 cos 101. The 
speed of the particle is : 

(A) 25 (B) 50 (C) 10 (D) None 

Q.6 The momentum of a particle moving in straight line is given by 

p = l n t+ - (in m/s) 
find the (time t > 0) at which the net force acting on particle is 0 and it's momentum at that time. 

Q. 7 The x-y coordinates in meter of a body of mass 2 kg are given as (4t2 +1, 3t2 - 1 6 t +16). Find 
(i) times when the particle crosses x-axis and position of body at these times 
(li) (a) time when velocity is perpendicular to acceleration, 

(b) momentum of the particle at this instant 

Q.8 A point moves in a straight line so that its distance from the start in timet is equal to 

s= - t 4 - 4 t 3 + 16t2. ' 
4 

(a) At what times was the point at its starting p osition? 
(b) At what times is its velocity equal to zero? 

Q. 9 An object of weight W is fastened to one end of a string whose other end is fixed and is pulled sideways 
by a horizontal force P until the string is inclined at 37° to the vertical. Draw a diagram showing the forces 
acting on the object and resolve each force parallel and perpendicular to the string. 

Q. 10 If instead of mass length and time as fundamental quantities we choose velocity, acceleration and force 
as fundamental quantities and express their dimensional symbols as V, A and F repectively. Show that the 
dimensions ofYoung's modulus can be expressed as FA2V '4. 
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Q. 1 The dimensional formula for which of the following pair is not the same 

(A) impulse and momentum (B) torque and work 
(C) stress and pressure (D) momentum and angular momentum 

Q. 2 Which of the following forces cannot be a resultant of 5N force and 7N force? 
(A) 2N (B) ION (C) 14N (D) 5N 

Q. 3 The velocity of a particle moving on the x-axis is given by v=x2 + x where v is in m/s and x is in m. Find 
its acceleration in m/s2 when passing through the point x=2m 
(A) 0 (B) 5 (C)l l (D) 30 

Q. 4 A particle moves in space such that 
x = 2t3 + 3t + 4 ; y = t2 + 4 t ~ l ; z = 2sin7Ct 

where x, y, z are measured in meter and t in second. The acceleration of the particle att = 3sis 

(A) 36i+ 2j + k ms~2 (B) 3,61 + 2j + nk ms'2 (C) 361 + 2j ms"2 (D) 12i + 2 j ms"2 

Q. 5 The velocity of a particle moving in straight line is given by the graph shown 
here. Then its acceleration is best represented by 

(A) (B) i - W (C) CD) 

Q.6 Assuming that the period of vibration of a tuning fork depends upon the length of the prongs (/), on the 
density (d) and the Young's modulus of the material (Y), find by the method of dimensions, the formula 
for the period of vibration. 

Q.7 Aforce F= 5i + 2j + k displaces a body from a point of coordinate (1, 1, 1) to another point of 
coordinates (2,0,3). Calculate the work done by the force. 

Q. 8 A body whose mass is 3 kg performs rectilinear motion according to the formula s = 1 +1 +12, where s 

is measured in centimeters & t in seconds. Determine the kinetic energy ^ mv2 of the body in 5 sec after 

its start. 
2 25 

Q. 9 The angle rotated by a disc is given b y 8 = - t 3 - ^ t2 + 77t + 5, where 9 is in rad. and t in seconds. 

(a) Find the times at which the angular velocity of the disc is zero. 
(b) Its angular acceleration at these times. 

Q. 10 A body of mass 1 kg moves in x-y plane such that its position vector is given by f = sin( t) i + cos(t) j 
(1) Find its equation of trajectory. 
(ii) Find the velocity of the particle at the initial time. 
(iii) Find the component of its acceleration in the direction of velocity at time t. 
(iv) Find angle between velocity vector and acceleration vector at time t. 



J|BANSAL CLASSES PHYSICS 
^ B Target IIT JEE 2007 Daily Practice Problems 
CLASS: XI (P, Q, R, S) DATE: 18-19/05/2005 MAX.TIME: 60Min. DPR NO.-IO 

Q. 1 If a, b and c are unit vectors such that a + b - c = 0, then the angle between a and b is 
(A) 30° (B) 60° (C) 90° (D) 120° 

Q. 2 The velocity of a body moving in a straight line is given by V=(3x2 + x) m/s. Find acceleration at x=2m. 
(A) 182 m/s2 (B) 172 m/s2 (C) 192 m/s2 (D) 162 m/s2 

Q. 3 A particle moves in a straight line, according to the law x=4a [t + asm J ], where x is its position in 

meters, t in sec. & a is some constants, then the velocity is zero at 
(A) x = 4a27i meters (B) t = n sec. (C.) t = 0 sec (D) none 

Q.4 Velocity time graph of a particle is in shape of a semicircle of radius R as <»*> 
shown in figure. Its average acceleration from T = 0to T = Ris. & 
(A) 0 m/s2 (B) 1 m/s2 | 
(C)Rm/s2 (D)2Rm/sec2 —time-*' (,') 

Q.5 Coordinates of a moving particle are given by x = ct2 and y=bt2. The speed ofthe particle is given by 

(A)2t (c + b) (B)2t Vc 2 -b 2 (C)t Vc2+b2 (D)2t VcT+"bT 

Q. 6 Four forces of magnitudes P, 2P, 3P and 4P act along the four sides of a square ABCD in cyclic order. 
Use the vector method to find the resultant force. 

Q. 7 The displacement of air particle in a flute is given by x=a sin (cot) cos (kx) where w is a quantity which 
depends on the length of the flute (L), gas constant (R), temperature of air (T) and mass per unit mole of 
the air (}i). Find an expression for o in terms of all these quantities [Use P V=nRT] 

Q. 8 A wheel rotates so that the angle of rotation is proportional to the square of time. The first revolution 
was performed by the wheel for 8 sec. Find the angular velocity ©,32 sec after the wheel started. 

Q. 9 A particle of mass 10 kg moves in x-y plane such that its position is given by (3 sin t, 4 cos t). where t is 
the time find (i) its momentum vector at time t = 7t sec. (ii) net force acting on it at this time 

Q.10 Two vectors a & b are varying with time as a =3t i +4t2 j & b =(6t + 3)i +(7sint)j 

Find the magnitude of the rate of change of a. b at t = n/2 sec. • 

Q. 11 The velocity of a point moving in straight line changes according to the equation V=(312+2t + l)m/s. Find the 
path covered by the point during 10 seconds from the start. 
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Q. 1 Which of the following pairs don't have same dimensions? 

(A) solid angle and unit vector 
(B) potential energy and torque 
(C) (area x velocity ) and rate of change of volume with time 
(D) none of these 

Q. 2 Which of the folio wing is not a vector quantity ? 
(A) force (B) current (C) velocity (D) torque 

Q. 3 A body moves with velocity v = £n x m/s where x Is its po sition. The net fbrce acting on body is zero at: 
(A)0m (B) x = e2 m (C)x = em ( D ) x = l m 

Q. 4 The initial velocity of a particle is u and the acceleration is given by (kt), where k is a positive constant. 
The distance travelled in time t is: 
(A) s = ut2 + kt2 (B) s - ut + (kt3/6) (C) s = ut + (kt3/2) (D) s = (ut2/2) + (kt3/6) 

Q.5 The displacement-time graph of a moving particle with constant acceleration * 
is shown in the figure. The velocity-time graph is best given by 2 t(s) 

(A): ;i 2 t(s> (B); W 1 © (C)> o TTJ) (D) V o M . 
1 2 t(s) 

Q.6 A force of 40N is responsible for the motion of a body governed by the equation s=2t+2t2 

where s is in metres and t in sec. What is the momentum of the body at t=2 sec? 

Q.7 The position vector of a body of mass m=6kg is given as r = i(3t2-6t) + j(-4t3)m. Find: 
(a) the force (F = ma) acting on the particle 
(b) the power (P = F • v) generated by the force. 
(c) the momentum(p = mv) 

Q. 8 The slope ofthe velocity diaplacement graph of a particle moving along a staight line is 10 units at a position 
where velocity is 5 units. The acceleration of the particle at that position is units. 

9 km 

15 km 

Camp 

Q. 9 Afishing boatis anchored 9km away from the nearest point on shore. Amessenger 
must be sent from the fishing boat to a camp, 15km from the point on shore 
closest to the boat. If the messenger can walk at a speed of 
5km per hour and can row at 4km per hour. 

(i) Form an expression relating time taken to reach the camp t with distance x on shore where he lands. 
CO At what point on shore must he land in order to reach the camp in the shortest possible time? 

Q. 10 The acceleration of the particle moving in straight line is given by a=4t -3 0 where a is in m/s = and t is in 
sec. Determine the velocity and displacement as function of time. The initial displacement at 
t = 0 is s 0 = - 5m and the initial velocity is v0=3m/s. 

Q.l l A particle is accelerated with acceleration 3+2t where t is time. At t = 0 the velocity is 4. Find the 
velocity as a function of time and the distance between the position of the particle at time zero and 
time 4. 
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Q.l A particle has a rectilinear motion and the figure gives its displacement as a 

function of time. Which of the following statements are true with respect to 
the motion 
(A) in the motion between O and A the velocity is positive and 
acceleration is negative 
(B) between A and B the velocity and acceleration are positive 
(C) between B and C the velocity is negative and acceleration is positive 
(D) between D and E the acceleration is positive 

Q.2 A particle moves in the x-y plane with velocity vx=8t-2 and vy=2. If it passes through the point x = 14 
and y = 4 at t = 2 sec. The equation of the path is 
(A)x = y2~y+2 (B)x = y+2 (C) x = y2+2 (D)x = y2+y+2 

Q. 3 A particle moves along x-axis according to the law x=t3-3t2-9t+5 m then 
(A) in the interval 3<t<5, the particle is moving in +x direction 
(B) the particle reverses its direction of motion twice in entire motion if it starts at t=0 
(C) the average acceleration from 1 <t < 2 sec is 6 m/s2 

(D) in the interval 5 < t < 6 see, the distance travelled is equal to the displacement 
Q.4 Amotor boat of mass m moves along a lake with velocity V0. At t = 0, the engine of the boat is shut 

down. Magnitude of resistance force offered to the boat is equal to rV. (V is instantaneous speed). What 
is the total distance covererd till it stops completely? 

(A)mV0/r (B)3mV0/2r ( Q m V ^ r (D)2mV0/r 

Q. 5 A particle having a velocity v = v0 at t = 0 is decelerated at the rate |a| =- «Vv, where a is a positive 

(A) The particle comes to rest at t = —~— 
(B) The particle will come to rest at infinity. 

2y3/2 
(C) The distance travelled by the particle is —-—. 

2 V3'2 

(D) The distance travelled by the particle is — ——. 

Q.6 F = (sint)i + (cost)j, m =1, r 0 =- j , v0 = i. Find v and r . 

Q.7 The velocity ofa body is given by v= m/s where t is time elapsed. If it is located at origin initially, 

f dx 1 -if x ^ „ 
find its position at t = 2 sec. Useful relation: J ^ X ^ T """a I a~ J 

Q. 8 The velocity of a certain particle moving along the x axis is proportional to x. At time t=0 the particle is 
located at x=2 and at time t=l 0 it is at x=4. Find the position at t=5. 

1 
Q. 9 A particle moves in a straight line with acceleration ( - j ^ r ) where v is its velocity at time t. Initially the 

particle is at O, a fixed point on the line, with velocity u. Find in terms of u the time at which the velocity 
is zero and the displacement of the particle from O at this time. 

Q.10 The position coordinate of a particle that is confined to move along a straight line is given by 
x =2t3-24t+6 where x is measured from a convenient origin and t is in seconds. Determine the distance 
travelled by the particle during the interval from t= 1 sec to t=4 sec. 

I 
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<q7I ir a, d, c are three unit vectors such that a + b + c = 0, then a.b + b.c + c.a is equal to 

(A)-l (B)3 (C)0 ( D ) - | 

(R? - P 2 ) . L 
Q.2 Two forces P and Q act at a point and have resultant R. If Q is replaced by — acting m the 

direction opposite to that of Q, the resultant 
(A) remains same (B) becomes half (C) becomes twice (D) none of these 

Q. 3 A particle moving along a straight line with uniform acceleration has velocities 7m/s at A and 17m/s at C. 
B is the mid point of AC. Then 
(A) the vclucliy at B is 12IU/5 
(B) the average velocity between A and B is lOm/s 
(C) the ratio of the time to go from A to B to that from B to C is 3 :2 
(D) the average velocity between B and C is 15m/s 

Q.4 A bird flies for 4 sec with a velocity of jt—2j m/s in a straight line, where t=time in seconds. It covers a 
distance of 
(A) 2 m (B)4m (C) 6 m (D)8m 

Q. 5 The greatest acceleration or deceleration that a train may have is a. The minimum time in which the train 
may reach from one station to the other separated by a distance d is 

- i i / f 
Q. 6 Two towns A and B are connected by a regular bus service with a bus leaving in either direction every T 

minutes. A man cycling with speed of 20km/h in the direction A to B, notices that a bus goes past him 
eveiy tj = 18 minutes in the direction of motion, and every ̂  = 6 minutes in the opposite direction. What 
is the period T of the bus service? Assume that velocity of cyclist is less than velocity of bus 
(A) 4.5 minutes (B) 24 minutes (C) 9 minutes (D) 12 minutes 

Q. 7 The displacement of a body of mass m 3 kg is given as, s = 2 sin t(I) + tan t(j) the velocity & K.E. of 

the body at time t = rr/6 sec. are given as 

Q.8 (a) Find a unit vector at an angle of 45° with x-axis. 
(b) Resolve a vector R = 2i - 3 j into two perpendicular components such that. 

One of its components makes an angle of 45° with (+ x-axis). 

Q.9 If energy, density andpower form a fundamental system of units. Find the dimensional formula of momentum 
in terms of these quantities. 

Q. 10 At a distance L = 400m from the traffic light brakes are applied to a locomotive moving at a velocity 
v=54 km/hr. Determine the position of the locomotive relative to the traffic light 1 min after the annlication 
of the brakes if its acceleration is -0.3m/sec2. 
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Q. 1 The vector i + xj + 3k is rotated through an angle 0 and doubled in magnitude, then it becomes 

4i + (4x - 2) j + 2k. The values of x are 

(A)~ | (B) j (C) | (D)2 

Q.2 If the resultant of two forces of magnitudes P and 2P is perpendicular to R then the angle between the 
forces is 

2 7 1 3 7 1 4 7 1 ^ 57C 

( A ) T < B ) T ( C ) T ( D ) T 

Q.3 A ball is thrown at an angle 9 such that its range R is related to its time of flight T as R = 5T2. If 
g =10ms~2, the value of 8 is 
(A) 45° . (B) 90° (C) 30° (D)60° 

Q.4 A body initially at rest, starts moving along x-axis in such a way so that f a 

its acceleration vs displacement plot is as shown in figure. The 
maximum velocity of particle is 
(A) 1 m/s (B) 6 m/s 
(C) 2 m/s (D) none 

Q. 5 A body is thrown up in a lift with a velocity u relative to the lift and the time of flight is found to be t. The 
acceleration with which the lift is moving up is 

( A ) ^ ( B ) ^ (C ,H±St 

Q.6 A car is moving with uniform acceleration along a straight line between two stops X and Y. Its speed at 
X and Y are 2m/s and 14m/s. Then 
(A) Its speed at mid point of XY is 15m/s 
(B) Its speed at a point A such that XA: AY =1 :3 is 5m/s 
(C) The time to go form X to the mixed point of XY is double of that to go from mid point to Y. 
(D) The distance travel in first half of the total time is half of the distance travelled in the second half of 
the time. 

Q. 7 If the velocity of the particle is given by 

v = ^ + bt2 

t 
The dimensions of a & b are given as . 

Q.8 The heat given to a body to raise it's temperature is given as, 
Q = ms At 

where Q > heat given 
m > mass of the body 
s > specific heat 
At > change in temperature. 

Find the dimensions of specific heat (s). 
Q.9 Find the relation between torque (x), time (t) and angular momentum (L). 

If torque (x) = length x force, 
angular momentum (L)=length x momentum. 

Q. 10 A lift starts from the top of a mine shaft & descends with a constant speed of lOms l . 4 sec. later a boy 
throws a stone vertically upwards from the top of the shaft with a speed of 30 m s"!. Find when & 
where stone hits the lift, (g = 10m/s2) 



ill BANSAL CLASSES PHYSICS 
itarget UT JEE 2007 Daily Practice Problems 

CLASS: XI (P, Q, R, S) DATE: 03-04/06/2005 MAX. TIME: 60 Min. DPR NO.-15 
Q. 1 If the resultant of three forces F j = pi + 3j - k, F2=•-5i + j + 2k and F3 = 6i - k acting on a particle has 

magnitude equal to 5 units, then the value (s) of p is (are) 
(A)-6 (B) -4 (C)2 (D)4 

Q.2 The angle between (i-t-j + k) & (2 I+2 j - 2k) is 

1 1 1 
(A) Cos-1- ( B ) C o s - 1 ^ (C)Skr1 3 (D) None of these. 

Q.3 A ball is thrown vertically upwards with a velocity 'u' from the balloon descending with velocity V. The 
ball will pass by the balloon after time. 

u - V , u + V 2(u-V) 2(u + V) 

Q .4 Aprojectile is thrown from ground. With what minimum velocity, the projectile should be thrown so that 
is passes through a point (3,4). (Take g= 10 m/s2) 

(A) 3-v/5 m/s (B)7.5m/s (C) VlO m/s (D) 3-s/lO m/s 
Q.5 Three projectiles A, B and C are thrown simultaneously from the same 

point in the same vertical plane. Their trajectories are shown in the figure. 
Then which of the following statement is false. 
(A) The time of flight is the same for all the three. 
(B) The launch speed is greatest for particle C. O A 
(C) The vertical velocity component for particle C is greater than that for the other particles 
(D) Y-coordinate of all particles is always same 

Q.6 Two balls are thrown simultaneously at two different angles with the same speed vQ from the same 
position so that both have equal ranges. If Hj and H2 be the maximum heights attained in two cases, then 
the summation Hj + H2 is equal to 

VN VQ 2VN VQ 
(A (B) (C) ( D ) - p 2g g g 4g 

Q. 7 The velocity of the particle is given as v = 3 t 3 C a l c u l a t e the net force acting on the body at time 

t = 2 sec, if the mass of the body is 5 kg . 

15 20 25 30 n 

Q. 8 Two forces of magnitudes P & Q are inclined at an angle (9) die magnitude of their resultant is 3Q. When 
the inclination is changed to (180 - 9) the magnitude of the resultant force becomes Q. Find the ratio of 
the forces. 

Q. 9 Figure shows a graph of acceleration of a particle moving on 
the x-axis. Plot the following graphs if the particle is at 2 
origin and at rest at t=0. 

(i) velocity-time graph 2 
(ii) displacement-time graph 
(ii) distance-time graph. 
Q. 10 As a car passes the point Aon a straight road its speed is 10 m/s. The car moves with constant acceleration 

a m/s2 along the road for T seconds till it reaches the point B where its speed is 
v m/s. The car travels at this speed for a further 10 sec till it reaches the point C. From C it travels for a 
further T seconds with constant acceleration 3a m/s2 until it reaches a speed of 20 m/s at point D. 

(i) Find v 
Given that the distance between A & D is 675 m find 

(ii) a&T. 
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Q. 1 A body is projected at time (t = 0) from a certain point on a planet's surface with a certain velocity at a 
certain angle with the planet's surface (assumed horizontal). The horizontal and vertical displacements x 
& y (in meter) respectively vary with time t in second as, x = 10 V3 t and y = 101 -12. Then the 
maximum height attained by the body is : 
(A) 200 m (B) 100 m (C)50m (D)25m 

90°! 
Q.2 If time taken by the projectile to reach Q is T, than PQ = 

(A)Tvsin0 ' (B)TvcosO 
(C)TvsecO (D)TvtanG 

Q. 3 If R is the range of a projectile on a horizontal plane and h its maximum height, then maximum horizontal 
range with the same speed of projection is 

(A)2h < B ) | ( C ) 2 R + ^ ( D ) 2 h + ^ 

Q. 4 A football is thrown in a parabolic way. Is there any point at which the acceleration is parallel to velocity? 
Perpendicular to velocity? 

Q. 5 A ball is thrown upward at an angle of 30° to the horizontal and lands on the top edge of a building that 
is 20m away. The top edge is 5m above the throwing point. How fast was the ball thrown? 

Q.6 A ball rolls off edge of a tabletop lm above the floor and strikes the floor at a point 1.5m horizontally 
from the edge of the table, (a) Find the time of flight (b) Find the initial velocity (c) Find the magnitude 
and direction of the velocity of the ball just before it strikes the floor. 

Q .7 A stone is thrown horizontally. In 0.5 second after the stone began to move, the magnitude of its velocity 
was 1.5 times its initial velocity. Find the initial velocity of the stone. 

Q. 8 A level flight plane flying at an altitude of 1024ft with a speed of240ft/sec. is overtaking a motor boat 
travelling at 80ft/sec. in the same direction as the plane. At what horizontal distance before the boat 
should a bag be dropped from the plane in order to hit the boat? [g = 3 2ft/s2] 

Q.9 A ball is projected at an angle of 30° above with the horizontal from the top of a tower and strikes the 
ground in 5 sec at an angle of 45° with the horizontal. Find the height of the tower and the speed with 
which it was proj ected. [g = 10 m/s2] 

Q. 10 A boy throws a water filled balloon at an angle of 53° with a speed of 1 Om/sec. A car is advancing 
toward the boy at a constant speed of 5m/sec. If the balloon is to hit the car, how far away should the car 
be when the balloon is thrown? 
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Q. 1 A particle is projected with a certain velocity at an angle 0 above the horizontal from the foot of a given 
plane inclined at an angle of 45° to the horizontal. If the particle strike the plane normally then 0 equals 
(A)tan-1(l/3) (B)tan-1 (1/2) (C)tan '(1/V2) ' (D) tan"13 

Q.2 In the figure shown, the two proj ectiles are fired simultaneously. The minimum 2 0 f i m/s 

distance between them during their flight is / 2<^n/s 

(A) 20 m (B)10V3m (C)10m (D)None 

Q.3 A projectle is fired horizontally from an inclined plane (of inclination 30° with horizontal) with 
speed = 50m/s. Ifg= 10 m/s2, the range measured along the incline is 

(A) 500 m (B)l 000/3 m -(C) 200 72 m (D)100V3m 

Q. 4 A child moving on a smooth horizontal ground throws a ball at 10 m/s and 60° from horizontal with 
respect to himself. Ball strikes a box placed at a distance 10 m from the point of projection after 1 sec of 
projection. The velocity with which child now moving is: 
(A) 2,5 m/s (B) 5 m/s (C) 10 m/s (D) 20 m/s 

Q. 5 A train is moving on a track at 3 0 m/s, A ball is thrown from it perpendicular to the direction of motion at 
30 m/s at 45° from horizontal. Find the distance of ball from the point of projection on train when it 
strikes the ground. 
(A) 90 m (B) 9 0 S m (C) 60 m (D) 60-n/3 m 

Q.6 Two trains Aand B are travelling from station P to Q starting from P and stopping at Q. Train Ahas 
constant acceleration a for (l/3)rd of time, constant velocity for second (l/3)rd of time and constant 
retardation a for last (l/3)rd of time. Train B has same constant acceleration a for first 
(l/3)rd of distance, constant velocity for 2nd (1/3 )rd of distance & constant retardation a for last (l/3)rd 
of distance. Find the ratio of time taken by train Aand train B from P to Q. 

Q. 7 A man standing on a road has to hold his umbrella at 3 0° with the vertical to keep the rain away. He 
throws the umbrella and starts running at 1 Okm/h. He finds that raindrops are hitting his head vertically. 
Find the speed of the raindrops w.r.t. (a) the road, (b) the moving man. 

Q. 8 A man wishes to cross a river to an - xactiy opposite point on the other bank; if he can pull his boat with 
twice the velocity of the current, find at what inclination to the current he must point the boat. 

Q. 9 A man who can swim at the rate of 2 km/hr. crosses a river to an exactly opposite point on the other bank by 
swimming in a direction of 120° tothefiow ofthe water in theriver. The velocity ofthe water current in km/hr is 

Q. 10 Velocity of water current in a river is 2 km/hr. A boat rowing with a velocity of8k/hr. Aboat rowing with 
a velocity of 8 km/hr. is directed towards exactly opposite point on the other side of the bank. However 
the boat strikes the opposite bank 75 m away from the desired point. The width ofthe river is . 
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Q. 1 A stationary man observes that the rain strikes him at an angle 60°.to the horizontal. When he begins to 
move with a velocity of 25 m/s then the drops appear to strike him at ah angle of 30° from horizontal, the 
velocity of the rain drops is: 

(A) 25 m/s (B) 50 m/s (C) 12.5 m/s (D) 24^2 m/s 

Q.2 Three ships A, B & C are in motion. The motion of A as seen by B is with speed v towards. 
north - east. The motion of B as seen by C is with speed v towards the north - west. Then as seen by A,Y 

C will be moving towards 
(A) north (B) south (C)east (D)west 

Q. 3 A projectile is fired with a velocity u making an angle 0 with the horizontal. What is the change in velocity 
when it is at the highest point ? 
(A) u cosG (B)u (C) u sin 0 (D)ucos0-u 

Q.4 A girl is riding on a flat car travelling with a constant velocity 
10 ms"1 as shown in the fig. She wishes to throw a ball through a stationary 
hoop in such a manner that the ball will move horizontally as it passes through 
the hoop. She throws the ball with an initial speed ^136 ms"1 with respect to 
car. The horizontal distance in front of the hoop at which ball has to be thrown is 
(A) lm (B)2m 
(C)4m (D) 16m 

Q.5 An airplane pilot wants to fly from cityAto city B which is 1000 km due north of city A. The speed ofthe 
plane in still air is 500 km/hr. The pilot neglects the effect of the wind and directs his plane due north and 2 
hours later find himself300km due north-east of city B. The wind velocity is r 

(A) 150km/hr at 45°N of E (B) 106km/hr at 45°N of E 
(C) 150 km/he at 45°N of W (D) 106 km/hr at 45°N of W 

Q.6 Ariver of width 500 m is flowing from west to east with speed of 3 km/hr. Two boatmen, Raju & Kaju 
start from the same point on southern bank of river. Raju travels at 5 km/hr in still water, while Kaju 
travels at 4 km/hr in still water. Raju crosses the river along shortest path while Kaju crosses the rive 
along a path which will take him shortest time to cross the river. Find 

(a) the distance between the points where they land on the other bank. 
(b) the times taken by Raju & Kaju to reach the other bank. 

Q.7 Aman holding a flag is running in North-East direction with speed 10 m/s. Wind is blowing in east 

direction with speed 5^2 m/s. Find the,direction in which flag will flutter. 

Q. 8 Two ships are 10km apart on a line running south to north. The one further north is steaming west at 
40km/hr. The other is steaming north at 40km/hr. What is their distance of closest approach and how 
long do they take to reach it? 

Q.9 A target is fixed on the top of a pole 13 m high. Aperson standing at a distance of 50 m from the 

pole is capable of projecting a stone with a velocity of 10^/g m/s. If his aim is to strike the target in 

least time what should be the angle of elevation of the stone. 

Q. 10 A fire nozzle situated at a distance 18 m from the building discharges 
water with an initial velocity of 3 0 m/s as shown in the figure. Find: 

(i) the maximum height hthat can be reached by water. 
(ii) the corresponding angle a. 
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Q. 1 A grass hope j ump maximum distance 1.6m. It spends negligible time on the ground. How far will go in 
10 seconds? - [2] 

(A) 5V2 m (B) I0V2 m (C)20V2m (D)40V2m 

Q.2 The coordinates of a moving particle at any time t are given x = at2 and y = bt2, z = 0. The speed of 
particle at timet is given by [2] 

(A)tVa2+b2 (B) 2 tVa 2 +b 2 (C)Va 2 +b 2 (D) 2t2Va2+b2 

Q.3 A projectle is fired horizontally from an inclined plane (of inclination 45° with horizontal) with 
speed = 50 m/s. If g= 10 m/s2, the range measured along the incline is [2] 

(A) 500 m (B) 500V2 m (C)200V2m (D) none of these 

Q.4 A ball is thrown vertically upwards from the ground. It crosses a point at the height of 25 m twice at an 
interval of 4 sees. The ball was thrown with the velocity of [2] 
(A) 20m/sec. (B) 25 m/sec. (C)30m/sec. (D)35m/sec. 

Q. 5 A ball is proj ected from point A with velocity 10m/sec. perpendicular to 
the inclined plane as in figure. Range ofthe ball on the incline is [2] 
(A)40V3m . (B) 20/13 m (C) 13/20 m (D)40/3m 

Q.6 A body is projected at an angle 60° with the horizontal ground with kinetic energy k. When the velocity 
makes an angle 30° with the horizontal, the kinetic energy of the body will be [3] 
(A)k/2 (B)k/3 (C) 2k/3 (D)3k/2 

Q. 7 A particle moves along a straight line in such a way that its acceleration is increasing at the rate of 2 m/s3. 
Its initial acceleration and velocity were zero. Then, the distance which it will cover in the 3rd second is: 

[3] 
(A) 19/3 m (B) 12/5 m (C)17/5m (D)19/4m 

Q.8 An object is thrown horizontally from a tower H meter high with a velocity of ^2gH m/s. Its speed on 

striking the ground will be: [3] 

(A) V2gH (B) V6gH (C) 2^/gH (D) i f i g H 

Q. 9 Two particles are fired from the same point, with speeds 100 m/s and 100 m/s, and firing angles with 
horizontal=60° and 120° respectively. The time after which their velocity vectors become perpendicular 
to each other, is [3] 

(A) 5 s (B)5 (V3- l ) s (C)5V3S (D) 5.^3/2s 

Q. 10 The equation of the path of the projectile is y=0.5x - 0.04x2. The initial speed of the projectile is[3] 
(A) 10 m/s (B) 15 m/s (C) 12.5 m/s (D)None 



Q.ll A stationary man observes that the rain strikes him at an angle 60° to the horizontal. When he begins to 
move with a velocity of 25 m/s then the drops appear to strike him at an angle of 3 0° from horizontaLFind 
the velocity ofthe rain drops. [5] 

Q.12 Aparticle is projected horizontally with speedw from pointA, which is ; 
10 m above the ground. If the particle hits the inclined plane 
perpendicularly at point B. [g= 10 m/s2] 10m 

(a) Find horizontal speed with which the particle was projected. 
(b) Find the length OB along the inclined plane. ; 

A u 

[5] 

Q. 13 Man A sitting in a car moving at 54 km/hr observes a man B in front of the car crossing perpendicularly 
the road of width 15 m in three seconds.Find the velocity of man B. [5] 

Q. 14 A man can swim in still water at a speed of 5 km/hr. He wants to cross a river 6 km wide, flowing at the 
rate of 4 km/hr. If he heads in a direction making an angle of 127° with stream direction/Find the 
distance he drifts along the river by the time he reaches the opposite bank. [5] 

Q. 15 Raindrops are falling vertically with a velocity of 10 m/s. To a cyclist moving on a straight road the 
raindrops appear to be coming with a velocity of 20 m/s. Find the velocity of cyclist. [5] 
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Q.i 

Q.2 

Q.3 

Q.5 

Q.6 

Q.7 

Q.8 

Q.9 

Q.10 

(a) 
(b) 

In the arrangement shown, all surfaces are fiictionless. The rod R is constrained to move 
vertically. The vertical acceleration of R is a, and the horizontal acceleration of the 
wedge W is a2. The ratio a x / a 2 isequalto 
(A) sin a ( B ) c o s a ( C ) t a n a ( D ) c o t a 
The pulley moves up with a velocity of 1 Om/sec. Two blocks are tied liom/sec 
by a string which passes over a pulley. The velocity V will be . 
Given: vB = 5m/s i JB^5m/ si 

In the figure shown, the strings are inextensible. Determine the value of u in terms of v. 
/ / / / / / / / / / / / / / / / / / / / / / / / / 

( i )u = _ (ii) u = 

Q. 4 In the pulley system shown, find the relationship between acceleration 
o f m a n d t h a t o f M . 

Im/sec2 

2m/secj, A 
For fiie system shown, calculate velocity and acceleration of C.The 
velocity and acclerations of A and B with respect to ground are marked. 

In the figure, a ball and a block are joined together with an inextensible 
string. The ball can slide on a smooth horizontal surface. If v{ and v2 

are the respective speeds of the ball and the block, then 
determine the constraint relative between the two. 

Two cars A and B moves on two straight paths at right angles with speeds 20 km/hr and 15 km/hr 
respectively. When a reaches the intersection of the paths b is 25 km far from i t . The shortest distance 
between the cars is km and they are closest after min from the moment when A 
was at intersection of the paths. 

A ball is thrown at an angle to the horizontal such that it just grazes past the top of a pole 4 m high. If the 
initial velocity of projection is 20 m/s, angle of projection is 53° and the ball reaches the pole during its 
downward flight, the distance of the pole from the point of projection. 

If a man in a boat crosses a river from point A and rows perpendicular to the B c 
banks then he will reach point C lying at distance 120 m downstream from point 
B in 10 minutes. If the man heads at a certain angle a to the straight line A B , , 
(perpendicular to banks) against the current he will reach point B after 12.5 x i / 
minutes. Find the width ofthe river d , velocity ofboat u A 
relative to water, the speed of the current v and the angle a . Assume the velocity ofboat relative to the 
water to be constant and same in both cases. 

A projectile is thrown with velocity of 50 m/s towards an inclined plane from pound such that it strikes 
the inclined plane perpendicularly. The angle of projection ofthe projectile is 53° with the horizontal and 
the inclined plane is inclined at an angle of 45° to the horizontal. 
Find the time of flight. 
Find the distance between the point of projection and the foot A53° X45° 
of inclined plane. 

50 m/s 

imfihmin 



« BANSAL CLASSES 
Target IIT JEE 2007 

PHYSICS 
Daily Practice Problems 

CLASS: XI (P, Q, R, S) DATE: 15-16/06/2005 MAX. TIME: 60 Min. DPP. N0.-20 

Q.l 

Q.2 

Q.3 

Q.4 

Q.5 

Q.6 

Q-7 

Q.8 

(a) 

(b) 

Q.9 

Q.10 

A man is standing in a lift which goes up and comes down with the same constant acceleration. If the ratio 
of the apparent weights in the two cases is 2 :1 , then the acceleration ofthe lift is 
(A) 3.33 ms-2 (B)2.50mS-2 (C) 2.00 ms-2 (D) 1.67 ms"2 

Three equal weights of mass 2kg each are hanging by a string passing over a 
fixed pulley. The tension in the string (in N) connecting B and C is 
(A)4g/3 (B)g/3 (C)2g/3 (D)g/2 

A1 Okg monkey is climbing a massless rope attached to a 15kg mass over a tree limb. The mass is lying 
on the ground. In order to raise the mass from the ground he must climb with 
(A) uniform acceleration greater than 5m/sec2 (B) uniform acceleration greater than 2.5m/sec2 

(C) high speed (D) uniform acceleration greater than 1 Om/sec2 

Three blocks are connected as shown in the figure, on a horizontal fiictionless 
table and pulled to the right with a force at 60N. if Mj = 1 Okg, 
M2 = 20kg and M3 = 30 kg then the value of T2 is 
(A) 40N (B) 30N (C) 20N (D) 10N 

Two blocks A & B with mass 4 kg and 6 kg respectively are connected by a stretched spring of 
negligible mass as in figure. When the two blocks are released simultaneously the initial acceleartion of 
B is 1.5 m/s2 westward. The acceleration of A is ; 
(A) 1 m/s2 westward 
(C) 1 m/s2 eastward 

(B) 2.25 m/s2 eastward 
(D) 2.75 m/s2 westward 

J_Jm/s2 

The three blocks shown move with constant velocities. Find the velocity 
of block A and B. Given V p 2=10m/s4,V=2m/st . 

BCD 

/ 400 M 
/ vr = 3m/s / * 

A 300m B 

2 men Ram & Gopal are competing to cross a river. Ram start from 
point A runs to bridge BC and then crosses bridge maintaining a speed 
of 7 m/s. Gopal swims across to point C starting from point A. His 
velocity in still water is 4m/s and river flows with velocity of 
3 m/s. What is the time taken by each person. 

A swimmer starts to swim from point Ato cross a river. He wants to 
reach a point B on the opposite side ofthe river. The line AB makes on 
angle 60° with the river flow as shown. The velocity of the swimmer in 
still water is same as that of the river. 
In what direction should he try to direct his velocity? Calculate angle between his velocity and river 
velocity. 
Find the ratio of the time taken to cross the river in this situation to the minimum time in which he can 
cross this river. 

A projectile is thrown from a platform at a height 10 m above the ground with velocity of 
20 m/sec. At what angle should the projectile be thrown to reach the farthest point from O, which is 
vertically below the point from which it is thrown. [g= 10 m/s2] 

A particle P is projected horizontally, with speed V, from a point O on a plane which is inclined at an 
angle (3 to the horizontal. The particle hits the plane at a point A which is on the line of greatest slope 
through O. (a) Find the time of flight, (b) Find the tangent of the acute angle between the horizontal and 
the direction of motion of P when P reached A. A second particle Q is projected from O, with speed V, 
in a direction perpendicular to the plane, (c) Find the time taken for Q to return to the plane and 
(d) show that Q hits the plane at A. 
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QA 

Q.2 

Q.3 

A uniform thick string of length 5 m is resting on a horizontal frictionless surface. It is pulled by a 
horizontal force of 5 N from one end. The tension in the string at 1 m from the force applied is: 
(A) zero (B) 5N (C) 4 N (D) 1 N 

TFT 7JS" 

Fig shows two pulley arrangements for lifting a mass m. In (a) the mass is lifted 
by attaching a mass 2m while in (b) the mass is lifted by pulling the other end 
with a downward force F=2mg, If fa and fb are the accelerations of the two 

n (B)fa=fb/2 (C)fa-fb/3 (D)f=2fb t^HS [mj V = 2mg 

A solid sphere of mass 2kg is resting inside a cube as shown in the figure. 

V = (5t i + 2t j )m/s. Here t is the time in second. All surfaces are smooth. 
The sphere is at rest with respect to the cube. What is the total force exerted 
by the sphere on the cube. (Take g = 10m/s2 & y-axis along vertical) 
(A)V29N (B) 29 N 

(C) 26 N (D)V89N 

Q .4 In the figure shown, all pulleys are massless and frictionless. The acceleration of 
the time taken by the ball to reach the upper end of the rod is: 

(A) 

(C) 

(B) 

(D) 

Q.5 Slider blockAmove to the left with a constant velocity 
of 6 m/s. Determine 

(a) the velocity of block b, 
(b) the velocity of portion D of the cable. 
(c) the relative velocity of portion C of the cable with 

respect to portion D. 

Q.6 

Q.7 

Two monkeys of masses 10 and 8 kg are moving along a vertical rope, the 
former climbing up with an acceleration of 2m/s2 while the latter coming down 
with a uniform velocity of 2m/s. Find the tension in fixe rope at the fixed 
support. 

\\u\nu uwwwww 

I » 
A pulley fixed to the ceiling of a lift carries a string whose ends are tied to blocks of mass 2 kg and 1 kg. 
The lift is having a downward acceleration of 2 m/s2. Calculate the acceleration of the blocks relative the 
lift and relative to ground. Also find the tension in the string connecting the blocks. 



Q. 8 Abird is flying along a horizontal straight line AB, h meters above level ground. It 
flies with constant speed of 10 m/s over a point O on the ground, where there is 
a hunter with a shotgun. The hunter fires directly at the bird when it is at A, where 
OA makes an angle of530 with the horizontal, as shown in the diagram. The shot 
leaves the gun at a speed of 80 ms"1. If the shot hits the bird at B, find h and also 
the coordinates of point B with respect to point of projection O. 

Q. 9 A man can row a boat in still water at 3 km/h. He can walk at a speed of 5 km/h on the shore. The water 
in the river flows at 2 km/h. If the man rows across the river and walks along the shore to reach the 
opposite point on the river bank find the direction with the river flow in which he should row the boat so 
that he could reach the opposite shore in the least possible time. The width of the river is 500 m. 

Q. 10 A helicopter is moving vertically upwards with a velocity 5 m/s. When the 
helicopter is at a height 10m from ground. A stone is thrown with a velocity 9 a 

(3 i + 4 j ) m/s from the helicopter w.r.t. the man in it. Considering the point on I 
ground vertically below the helicopter as the origin of coordinates, and the ground } 0 J 
below as xy plane, find the coordinates of the point where the stone will fall. Its \ 
distance from origin & the distance between the helicopter & the stone, at the I 
instant the stone strikes the ground, assuming helicopter moves upwards with ^ 
the same velocity. O 
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Q. 1 A particle is moved by a force F = 20 i - 30 j +15 k along a straight line from point Ato point B with 

position vectors 2i + 7 j - 3 k and 5 i - 3 j - 6 k respectively. Find the work done. [3] 

Q.2 The period of oscillation of a nonlinear oscillator depends on the mass m with dimensions of M; a 
restoring force constant k with dimensions ofML~2T-2 and the amplitude A with dimensions ofL. By 
dimensional analysis find the expression for period of oscillation. [3] 

Q.3 Two horizontal forces of magnitudes lON&PNactonaparticle.Theforceof 
magnitude ION acts due west & the force of magnitude P N acts on a bearing 
of 30° east of north as shown in figure. The resultant of these two force acts due 
north. Find the magnitude of this resultant. [3] I ON 

Q .4 Porous rock through which groundwater can move is called an aquifer. The volume V of water that, in 
time t, moves through a cross section of area A of the aquifer is given by 

V/t = KAH/L, 
where H is the vertical height ofthe aquifer over the horizontal distance L. This relation is called Darcy's 
law. The quantity K is the hydraulic conductivity of the aquifer. What are the SI units of K? [3] 

Q. 5 A particle moves in a straight line with an acceleration 2s where's' is its displacement from a fixed point 
on the line, and v = 0 when s = 0. Find its velocity when its displacement is's'. [3] 

Q.6 A car starts from rest and for the first 4 sec of its motion the acceleration a m/s2 at time t seconds after 
starting is given by a=6 -2t 

(a) find the maximum velocity ofthe car 
(b) find the velocity ofthe car after 4 sec and the distance travelled up to this time. [5] 

Q.7 The diagram shows the (v,t) graph for the motion ofa car of mass 600 vOnr1), 
kg which slows down uniformly from a speed of 20 ms-1 to rest in 4 s. 
The car is moving on a straight level road. 

(a) Calculate the magnitude ofthe braking force that is applied to the car. q _ 

(b) Sketch (v, t) graph for the motion of the car when the braking force applied is initially less than the value 
calculated in part (a) but increases in magnitude as the car slows down. Assume that the initial speed of 
the car and the time for the car to stop are the same as before. [5] 

Q. 8 A particle moves along the space curve defind by x = e_tcos t, y = e_tsin t, z = e_t. Find the magnitude 
ofthe (a) velocity and (b) acceleration at any timet. [5] 

<§ Bansal Classes HI 



Q.9 Att = 0 aflowerpotAis dropped from rest from the window of a highrise building, someheighthA 
above the ground. Also t = 0, another flower pot B is thrown downward from a window higher up 
(height hB above ground) with some initial downward speed v0. 

(a) For now, consider only pot A: Find the time at which it arrives at the ground, and the speed it has 
immediately before hitting the ground. Give each answer in terms of any of hA and g. 

(b) Assume that B, on its way down, passes A without touching it. Find the time at which B catches up with 
A. Give your answer in terms of any ofhA, hB, v0, and g. [5] 

Q.10 Given the three vectors A,B and C shown. X 
(i) Which simple combination of any Two of these results in a vector ofthe largest jg 

possible magnitude? (e.g., A -B ,B + Cetc.) 1 

(ii) Which simple combination of all three of these results in a vector of the smallest possible ma^iytude? 

(e.g. A + B + C ,C-B-Aetc . ) 
(iii) Suppose a complicated physics problem yields the result, Q = 

(V 3 S / 2 L i ) (Li -L2)2 / (vL,), where g 
is the magnitude of some acceleration, the L's are distances, and v is some speed. What are the units of 
the quantity Q? (Simplify as much as possible) [5] 

Q.ll Starting at t = 0, a mobile robot moves on a horizontal surface such that its position is described by 
x(t) = x0 + a t - pt2, y(t) - y0 -yt3, where x0, y0, a, P, y are given constants. 

(i) Write an expression for the magnitude | a | of the robot's acceleration, in terms of any x(), y0, a , p, y and t. 

(ii) Is j a | constant? If yes, explain why. If not, does it increase or decrease with time? [5] 

Q.12 
(a) The diagram shows the displacement-time graph for a particle moving in a 

straight line. Find the average velocity for the interval from t = 0tot = 5. 
I time(s) 

(b) The diagram shows the displacement-time graph for a particle moving in a 
straight line .Find the average speed for the interval fromt = 0tot = 5. 

5 time(s) 

feBansal Classes [2] 
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Q. 1 System is shown in figure. All the surfaces are smooth. Rod is moved by external agent 

with acceleration 9 m/s2 vertically downwards. Force exerted on the rod by the wedge 
will be: 
(A) 120 N (B) 200 N (C) 135/2 N (D) 225/2 N 

Q.2 In the figure shown ihe block B moves down wife a velocity 10 
m/s. The velocity of A in the position shown is: 
(A) 12.5 m/s (B) 25 m/s 
(C) 6.25 m/s (D) none of these 

Q. 3 A sphere of mass m is kept between two inclined walls, as shown in the figure. If 
the coefficient of friction between each wall aid the sphere is zero, then the ratio of 
normal reaction (N,/N2) offered by the walls 1 and 2 on the sphere will be 
(A) tone (B)tan29 
(G) 2cos9 (D)cos20 

Q.4 How coulda 10kg object be lowered down from a height using a cord with a breaki^j strength of 80 N, 
without breaking the cord. 
(A) lowering the object very slowly 
(B) lowering it with an acceleration less than 2 m/s2. 
(C) lowering it with an acceleration greater than 2 m/s2. 
(D) object cannot be lowered down without breaking the cord. 

Q.5 A block of weight 9.8N is placed on a table. The table surface exerts an upward force of 10N on the 
block. Assume g=9.8m/s2. 
(A) The block exerts a force of 1 ON on the table 
(B) The block exertsaforce of 19.8N on 1he table 
(C) The block exerts a force of 9.8N on the table 
(D) The block has an upward acceleration. 

Q. 6 If the strings in inextensible, determine the velocity u of each 
block in terms of v and 0. 
(i)Fig.(A) u = (ii) Fig. (B) . u ^ u t [ 

Q.7 Trajectories are shown in figure for three kicked footballs. Ignoring air resistance, order the 
trajectories according to 
(a) time of flight 
(b) initial vertical velocity component 
(c) initial horizontal velocity component 
(d) initial speed. 
Order from largest to smallest. 

Q.8 Find the tension T needed to hold the cart in equilibrium, if there is no friction. T 

Q.9 Ablock of mass 10 kg is kept on ground. A vertically upward force F = 20t N, where t is the time in 
seconds starts acting on it at t = 0. 

(a) Find the time at which the normal reaction acting on the block is zero. 
(b) The height of the block from ground at t = 10 sec. 
Q. 10 A steel ball is suspended from the ceiling of an accelerating carriage by means of 

two cords A and B. Determine the acceleration a of the carriage which 
will cause the tension in A to be twice that in B. — Q Q 
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Q.2 

Q.3 

Q.4 

Q.5 

Q . 6 
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The acceleration of the blocks (A) and (B) respectively in situation shown in the figure is: (pulleys & 
strings are massless) 

2g g 
(A) - y downward, — upward 

10g 5g 
(C) downward, — upward 

2 g g 
(B) — downward, — upward 

(D) none of these' 

From the fixed pulley, masses 2 kg, 1 kg and 3 kg are suspended as shown in 
the figure. Find the extension in the spring if k = 100 N/m. (Neglect oscillations 
due to spring) 
(A) 0.1m (B) 0.2 m 
(C) 0.3 m (D) 0 

In the fig. at the free end of the light string, a force F is appled to keep the suspended 
mass of 18 kg at rest. Assuming pulley is light then the force exerted by the ceiling on the 
system is: 
(A) 200 N . 
(B)120N 
(C)180N 
(D)240 N 

A 50 kg person stand on a 25 kg platform. He pulls on the rope which is attached 
to the platform via the frictionless pulleys as shown in the figure. The platform 
moves upwards at a steady rate if the force with which the person pulls the rope is 
(A) 500 N (B) 250 N (C) 25 N (D)None 

In the figure shown man is balanced by counter weight of same mass. He starts to climb the 
rope with an accelerator of 2 m/s2 w.r.t. rope. The time after which he reaches the pulley will be 
(A) ^10 sec (B) 2^5 sec 10. 
(C) infinity (D) None of these • 30kg 

30kg 
A particle is projected at an angle a to the horizontal from the foot of an inclined plane so as to strike the 
inclined plane. It moves in the vertical plane containing the line of greatest slope, which is inclined at 

to the horizontal. 

(a) Find a if the particle strikes the inclined plane at right angles. 
(b) If a=tan-1 (2) at what angle to the horizontal would it be travelling just before the impact. 

A lift goes up with velocity 10 m/s. A pulley P is fixed to the ceiling of the lift. To 
this pulley other two pulleys Pt and P2 are attached. Pj moves up with velocity 
30m/s. Amoves up with velocity lOm/s. Dismoving downwards with velocity 
1 Om/s at same instant of time. The velocity of B is and that of C is 
j at that instant. Assume that all velocities are relative to the ground. 



Q. 8 A 1kg block 'B' rests as shown on abracket 'A' of same mass. Constant 
forces Fj = 20N and F2 = 8N start to act at time t = 0 when the 
distance of block B from pulley is 50cm. Time when block B reaches 
the pulley is . 

Q. 9 Find tension in the string and acceleration of all blocks with respect 
to ground. Assume friction absent and string and pulley light. 

Q. 10 To point the side of a building, painter normally hoists himself up by pulling 
on the ropeAas in figure. The painter and platform together weigh 200N. 
The rope B can withstand 300N. Find 

(a) the maximum acceleration ofthe painter. 
(b) tension in rope A 

(i) when painter is at rest 
(ii) when painter moves up with an acceleration 2 m/s2. 
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/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / , / Q.l In the arrangement shown in figure, there is friction between the blocks of 

masses m and 2m which are in contact. The ground is smooth. The mass of 
the suspended block is m. The block of mass m which is kept on mass 2m 
is stationary with respect to block of mass 2 m. The force of friction between 
m and 2m is (pulleys and strings are light and frictionless): 

< A ) f (B) 
mg 

V2 ( c > 7 ( D ) f 

[Jd 
J m l 

2m 
7k, 

T 5 

G j 
77/77777777/7777777777777777/7777" 

smooth ground 

Q.2 A particle B of mass 0.6 kg slides down the smooth face PR of a wedge A 
of mass 1.7 kg which can move freely on a smooth horizontal surface. The 
inclination of the face PR to the horizontal is 45°. Then: 
(A) the acceleration of A is 3g/20 
(B) the vertical component of the acceleration of B is 23 g/40 
(C) the horizontal component of the acceleration of B is 17 g/40 
(D) none of these 

Q. 3 In the system of pulleys shown what should be the value of m, such that 
1 OOgm remains at rest w.r.t. ground: 
(A) 180gm (B) 160gm (C) lOOgm (D)200gm 

lOOgm 
200gm 

Q.4 A heavy spherical ball is constrained in a frame as in figure. The inclined surface 
is smooth. The maximum acceleration with which the frame can move without 
causing the, ball to leave the frame: 
(A)g/2 (B) gV3 (C)g/V3 (D)g/V2 

Q.5 A trolley is accelerating down an incline of angle 9 with 
acceleration g sin9. Which of the following is correct, 
(a is the angle made by the string with vertical). 
(A) a = 0 (B) a = 0° 
(C) Tension in the string, T = m g (D) Tension in the string, T = mg sec 0 

Q.6 A fixed rifle is aimed at a point on a vertical wall 1440 m horizontally away and 1080 m high above 
the point of the rifle end. A bullet is fired at 150 m/s towards the target. 10 sec after firing the 
gravitational field vanishes, find where the bullet will hit the vertical wall. [ g = 10 m/s2 ] 

Q. 7 Find the acceleration of wedge of mass 4m placed on smooth 
horizontal surface as two blocks of masses m and 2m slide over it. 



Q. 8 A pulley system is setup as in figure. The movable pulley A, B and C are eaeh of 1 kg. 
Pulley D and E are fixed. All pulleys are smooth and string is light and inextensible. Find 
the acceleration of pulley C and the tension in the string. 

Q.9 - If the system is released from rest find 
(a) total kinetic energy of the blocks after t=2 sec of motion. 
(b) distance moved by the 1 kg block during this time, 

(all surfaces and pulleys are frictionless) 

Q. 10 In the pulley system shown here pulleys are ideal and string is inextensible. 
Mass of all the blocks is M. 

(a) Draw the free body diagram for all the blocks. 
(b) Find the constraint relationship between acceleration ofthe masses. 
(c) Find the acceleration of all the three masses and tension in the string. 
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[Take: g = 10 m/s2] 
Q. 1 One end of a string is connected to top of the fixed vertical ring as shown in the 

figure. The other end is connected to a bead free to slide smoothly on the ring. 
If the string is taut in the shown configuration, find tension in it. [3] 

Q.2 A block of weight 5 N is pushed against a vertical wall by a force 12 N. The coefficient 
of friction between the wall and block is 0.6. Find the magnitude of the force exerted by 
the wall on the block. [3] 

Q. 3 A particle is thrown upwards from ground. It experiences a constant resistance force which can produce 
retardation 2 m/s2. Find the ratio of time of ascent to the time of descent. [3] 

Q.4 r gx The equation of aprojectile is y= v 3 x - - y - . The angle of projectile is 

Q.5 Find the minimum value of mass m required to lift the load M shown in figure. 
Treat pulley as light and string inextensible. [3] 

and initial velocity 

[3] 

EJS 
Q. 6 The velocities of A and B are marked in the figure. Find the velocity of 

block C. (assume that the pulleys are ideal and string inextensible) [3] 

Q.7 Ariver is flowing with a speed of 1 km/hr. A swimmer wants to go to point 'C' 
starting from 'A'. He swims with a speed of 5 km/hr, at an angle 0 w.r.t. the 
river. If AB = BC = 400 m. Then find the value of 0. [4] 

iWiml T777TTT777TT7T7T 
1 km/hr B 

77777777 

S-

j A 

Q. 8 A block is given certain upward velocity along the incline of elevation a . The time of ascent to upper 
point was found to be half the time of descent to initial point. Find the co-efficient of friction between 
block and incline. 

Q.9 If the coefficient of friction at all surfaces is 0.4, then find the force required to 
pull out the 6 kg block with an acceleration of 1.5 m/s2. [4] 

H] 

iminuiiiiiuii 

Q. 10 Two Particles instantaneously at A& B respectively 4.5 meters apart are moving 
with uniform velocities as shown in the figure. The former towards B at 1.5 m/ 
sec and the latter perpendicular to AB at 1.125 m/sec. Find the instant 
when they are nearest. [4] AL 



Q.ll Two particles A & B projected along different directions from the same point P on the ground with the 
same speed of 70 m/s in the same vertical plane. They hit the ground at the same point Q such that 
PQ = 480 m. Then: (Use g = 9.8 m/s2, Sin"1 0.96 = 74°, Sin40.6 = 37°) 

(a) find the ratio of their times of flights. 
(b) find the ratio of their maximum heights. 
(c) find the ratio of their minimum speeds during flight. [5] 

Q. 12 The velocity - time graph of a particle moving along a straight line is shown in fig. ^ ( 
(i) If the particle starts its motion from x = - 4 m, then draw the a -1 and x -1 graphs. f 4 
(ii) Find the position ofthe particle att=3s. [5] 

m 
Q. 13 A stone thrown with the velocity v0 = 12 m/s at an angle a = 45° to the horizontal, dropped to the 

ground at a distance s from the point where it was thrown. From what height h should the stone be 
thrown in a horizontal direction with the same initial velocity v0 for it to fall at the same spot ? [5] 

Q.14 BlockAofmassm/2isconnectedtooneendoflightropewhichpassesovera ~X" 
pulley as shown in the Fig. Man of mass m climbs the other end of rope with a v ' 
relative acceleration of g/6 with respect to rope find acceleration of block Aand 
tension in the rope. [5] m/2 ® 

jtg/6 

Q. 15 Aparticle moving with uniform acceleration along a straight line passes three successive points A, B & C 
where the distances AB: BC is 3:5 & the time taken from 
Ato B is 40 sec. If the velocities at A& C are 5 m/s & 15 m/s respectively. Find 

(a) the velocity ofthe particle at B 
(b) acceleration of the particle 
(c) time taken to cover B to C 
(d) total distance from A to C. [6] 
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Q.l 

Q.2 
L]w=8N 

Q.3 

Q.4 

Q.5 

Q.6 

Q.7 

Q.8 

Q.9 

Q.10 
® 

The system shown is just on the verge of slipping. The eo-efficient of static 
friction between the block and the table top is: 
(A) 0.5 (B) 0.95 
(C) 0.15 (D) 0.35 

The velocity time graph of the fig. shows the motion of a wooden block of 
mass 1 kg which is given an initial push t = 0 , along a horizontal table. 
(A) The coefficient of friction between the blocks and the table is 0.1 | s 
(B) The coefficient of friction between the blocks and the table is 0.2 
(C) If the table was half of its present roughness, the time taken by 
the block to complete the journey is 4 sec. 4 Usee) 
(D) If the table was half of its present roughness, the time taken by the block to complete the journey is 
8 sec. 

A bead of mass 'm' can slide on a thin vertical rod, with sliding friction coefficient between them=\i. The 
rod is translated horizontally with a constant acceleration 'a ' . Forwhat value o f ' a ' will an Earth observer 
see equal horizontal and vertical components of the acceleration of the bead? 
( A ) g / ( l + n ) ( B ) g / ( l - | i ) (C) fig (D) none 

The force required just to move a body up an inclined plane is double the force required just to prevent 
the body from sliding down. If ^ is the coefficient of friction, the inclination of plane to the horizontal is 
(A)0 = tan-1(3p) (B) 0 = tan-'(2n) (C)0 = tan-1(4(a) (D) 0 = tan-1(jj,) 

A block of mass m is stationary relative to the wedge when the wedge is 
accelerated with acceleration a. The friction force acting on the block is 
[u=coefficient of friction between wedge and block] 
(A) jx m (g cos0 - a sin0) (B) m (g sin0 - a cos0) 
(C) m (g sinO + a cos0 ) (D) ma sin0 

The rear side of a truck is open and a box of mass 20kg is placed on the truck 4 meters away from the 
open end ja = 0.15 and g = 1 Om/sec2. The truck starts from rest with an acceleration of 2m/sec2 on a 
straight road. The box will fall off the truck when truck is at a distance from the starting point equal to: 
(A) 4 metres (B) 8 metres (C) 16 metres (D) 32 metres 

With what minimum acceleration mass M must be moved on frictionless surface so 
that m remains stick to it as shown. The coefficient of friction between M & m is |a. 

(C) (D) HES 
n M+m ( L > ) M 

U 

(A)M8 (B) 

A 1kg block is being pushed against a wall by a force F = 75 N as shown in the Figure. 
The coefficient of friction is 0.25. The magnitude of acceleration of the block is 
(A) 10 m/s2 (B) 20 m/s2 (C)5m/s 2 (D)none 

If the tension in the string in figure shown is 16 N and the acceleration of 
each block is 0.5 m/s2. Find the friction coefficient at the two contacts with 
the blocks, where wedge is fixed. 

A block of mass m =10 kg is to be pulled on a horizontal rough surface with the minimum force. 
The block should be pulled at an angle 0 = . 
the magnitude of the force F is equal to . nwmwmxrmxw 

H = 0.75 
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Q.L 

Q.2 

Q.3 

Q.4 

A boat is moving towards east with velocity 4 m/s with respect to still water and river is flowing towards 
north with velocity 2 m/s and the wind is blowing towards north with velocity 6 m/s. The direction ofthe 
flag blown over by the wind hoisted on the boat is: 
(A) north-west (B) south-east (C) tan~! (1/2)with east (D) north 

Two blocks A(1 kg) and B(3kg) rest over the other on a smooth horizontal plane (A over B). The coefficient 
of static and dynamic friction between Aand B is the same and equal to 0.75. The maximum horizontal 
force in newton that can be applied to A in order that both A and B do not have relative motion is: 
[g = 9.8 m/s2] 
(A) 19.6 (B) 14.7 (C) 9.8 (D)4.9 

In the figure shown, the speed of the truck is v to the right. The 
speed with which the block is moving up at 0 = 60° is: 
(A)v (B)2v/3 (C)3v/4 (D)none 

AblockAkeptonarough plate (OOj) with coefficient of static friction 
juis=0.75 & coefficient of kinetic friction [^=0.5. The plate is leaning 
with horizontal at an angle 0=tan_1(ns). If the plate is further tilted 
slightly & the acceleration of block will be 
(A) 1.5 m/s2 (B) 2 m/s2 (C) 2.5 m/s2 (D) none of these 

Q.5 The upper portion of an inclined plane of inclination a is smooth and the lower portion is rough. A 
particle slides down from rest from the top and just comes to rest at the foot. If the ratio of smooth length 
to rough length is m :n, find the coefficient of friction. 

Q. 6 Determine the acceleration of the 5 kg block A. Neglect the mass of the pulley and 
cords. The block B has a mass of 10 kg. The coefficient of kinetic friction 
between block B and the surface is |ak= 0.1. (Take g = 10 m/s2) 

Q. 7 The 110 kg block is resting on the horizontal surface when the force F is 
applied to it for 7 seconds. The variation of F with time is shown. 
Calculate the maximum velocity reached by the block and the total time 
t during which the block is in motion. The coefficient of static and kinetic 
friction are both 0.50. 

Q. 8 A block is to be raised a height h from rest to rest. If the rope used to lift the block can bear a maximum 
tension ofAmg (A, > 1), where m is the mass of the block, the find the minimum time in which we can raise 
the block. 

Q.9 Calculate the force P required to cause the block of weight Wj =200N 
just to slide under the block of weight W2 = 100 N. What is the tension 
in the string AB ? [Coefficient of friction p, = 0.25 for all surfaces in 
contact]. 

Q. 10 A body is at rest at the bottom of a plane of incline angle a, which is greater than angle of repose. It is 
given initial velocity & launched up the plane. It reaches its maximum height on incline in time tj. It then 
slides back down, the time of descent is ̂ =ct, where c is constant & greater than 1. Find the coefficient 
of kinetic friction. 
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Q. 1 Aplank of mass 2kg and length 1 m is placed on a horizontal floor. A small block of mass 1 kg is placed 

on top of the plank, at its right extreme end. The coefficient of friction between plank and floor is 0.5 
and that between plank and block is 0.2. If a horizontal force = 30 N starts acting on the plank to the 
right, the time after which the block will fall off the plank is (g = 10 m/s2) 
(A) (2/3) s (B) 1.5 s (C) 0.75 s (D)(4/3)s 

Q.2 For the two blocks initially at rest under constant ext. forces of mass 1 kgand M l 2 
2kgshown, a, = 5 m/s2 , a2 = 2 m/s2<—.Whichofthe following is correct? ii\mtini)nnn' 
(A) Force of friction on 1 due to 2 is 1N to right. (B) Force of friction on 2 due to 1 is 1N to right. 
(C) Force offriction on 2 due to ground is 4 Nto right. (D) Force of friction on 2 due to ground is 6 Nto right. 

Q.3 Block Ais placed on cart B as shown id figure. If the coefficients of static and kinetic friction between the 
20 kg block A and 100 kg cart B are both essentially the same value of 0.5 [g = 10 m/s2] 
(A) The blocks A and B will have a common acceleration if P = 60 N >p p 
(B) Acceleration of cart B is 0.98 m/s2 if P = 40N |A20kg[€E!_| 
(C) Acceleration of cart B is greater than that of A if P = 60 N M=01 ° 100 ft I E 

(D) The common acceleration of both the blocks is 0.667 m/s2 if P = 40 N 
* Q.4 A 40kg slab rests on a frictionless floor. A10 kg block rests on top of the slab 

as shown in the Fig. The coefficient of static friction between the block and slab 100N i j - i 
is 0.60 and coefficient of kinetic friction is 0.40. The 1 Okg block is acted upon |40Kg i 
by a horizontal force of 100N. The resulting acceleration of slab will be \m\\\\\\m\\\\l\m 
(A) 1 m/s2 (B) 1.47 m/s2 (C) 1.52 m/s2 (D) 6.1 m/s2 

Q. 5 The small marble is projected with a velocity of 10 m/s in a direction 45° from 
the horizontal y-direction on the smooth inclined plane. Calculate the magnitude 
v of its velocity after 2 seconds. Take g=10 m/s2. 

Q.6 Particles A and Bofmass 5 kg and 3 kg are connected by a light inextensible [a1—^ 
string passing under a smooth light pulley C which carries a particle D of mass 
4 kg. A and B rest on a horizontal rough surfaces as shown in the diagram. The 
coefficient of friction is same for both AandB and isjustsufficientto prevent A, 
but not B, from moving. Find the coefficient of friction. 

Q. 7 O is a point at the bottom of a rough plane inclined at an angle a to the horizontal. Up to a vertical height 
h above O the coefficient of friction is 2tana, above this height it is (tan a)/2. Aparticle is projected up 
the plane with a velocity V. Find the minimum value of V so that the particle returns to O. 

Q. 8 A force F=20N is applied to a block (at rest) as shown in fig. After the block has I 
moved a distance of 8m to the right, the direction of horizontal comopnent of the 
force F is reversed. Find the velocity with which block arrives at its starting point. im~2kg I t't~0,25 

Q. 9 Find the acceleration of the blocks and magnitude & direction of fiictional 
force between block Aand table, if block Ais pulled towards 
left with a force of 50N. 

Q. 10 In the figure M = 2m. The coefficient of friction at all surfaces is p. Find the 
acceleration of bigger block. String is light and inextensible and all the pulleys 
are smooth. uiniaiiun 



ill BANSAL CLASSES PHYSICS 
Target IIT JEE 2007 Daily Practice Problems 

CLASS: XI (P, Q, R, S) DATE: 08-09/07/2005 DPR NO.-29 

Time: Exact 1 hour. Max. Marks: 60 
H O M E T E S T 

Q. 1 A block rests on a rough inclined plane making an angle of 30° with the horizontal. The coefficient of 
static friction between the block and the plane is 0.8. If the frictional force on the block is ION, the mass 
of the block (in kg) is (take g = 10 m/s2) 
(A) 2.0 (B)4 .0 (C) 1.6 (D )2 .5 

Q.2 A swimmer swims in still water at a speed = 5 km/hr. He enters a 200 m wide river, having river flow 
speed=4 km/hr at point A and proceeds to swim at an angle of 127° (sin 37° = 0.6) with the river flow 
direction. Another point B is located directly across A on the other side. The swimmer lands on the other 
bank at a point C, from which he walks the distance CB with a speed=3 km/hr. The total time in which 
he reachrs from A to B is 
(A) 5 minutes (B) 4 minutes (C) 3 minutes (D)None 

Q.3 Two bullets are fired at angles 0 and 90- 0, the ratio of their time of flights i s : 
(A) 1 : 1 (B) tan0 :1 (C) l ; t an0 (D)tan20 :1 

Q.4 Two particles, one with constant velocity 50m/s and the other with uniform acceleration 1 Om/s2, start 
moving simultaneously from the same place in the same direction. They will be at a distance of 125m 
from each other after 
(A) 5 sec. (B) 5(1 + V2) sec. (C)10sec. (D) 10(V2+ l)sec. 

Q. 5 A rope of length L and mass M is being puled on a rough horizontal floor by a constant horizontal force 
F = M g . The force is acting at one end of the rope in the same direction as the length of the rope. The 
coef f ic ien t of k ine t ic f r i c t ion be tween rope and f loor is 1/2. Then , the tension at the 
midpoint of the rope is 
(A) Mg / 4 (B) 2Mg / 5 ( C ) M g / 8 ( D ) M g / 2 

Q.6 A block is lying on a long horiozntal conveyer belt moving at a constant velocity receives a velocity 
v=5m/ s relative to ground in a direction opposite to the direction of motion of conveyer. After t=4sec the 
velocity of block becomes equal to the velocity of the belt. If ]_i=0.2 find the velocity of the belt. 

Q.7 Two blocks A and Bare placed one over the other on a smooth horizontal surface. The 
maximum horizontal force that can be applied to the upper block A so that Aand B F"~"~>1 3 Kg |a 
move without separation is 49N. The coefficient of friction between Aand B is — I — H f — 

ImT-
V x ^ X W W W V s 

Q.8 Find 'a ' . 1 
massless 
pulleys 

iS Jtn/3 
a 

Q. 9 A block A of mass 2kg rests on another block B of mass 8kg which rests on a horizontal floor. The 
coefficient of friction between A and B is 0.2 while that between B and floor is 0.5. When a horizontal 
force F of 25N is applied on the block B, the force of friction between A and B is 

Q. 10 Two particles A and B of masses 3kg and 2kg are connected by a light 
inextensible string. The particles are in contact with the smooth faces of a 
wedge DCE of mass 1 Okg resting on a smooth horizontal plane. When 
the system is moving freely find the acceleration of the wedge and the 
acceleration of B. 
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Q.l A block A (5 kg) rests over another block B (3 kg) placed over a smooth horizontal surface. There is 

fiiction between A andB. A horizontal force F, gradually increasing from zero to a maximum is applied 
to A so that the blocks move together without relative motion. Instead of this another horizontal force F2, 
gradually increaseing from zero to a maximum is applied to B so that the blocks move together without 
relative motion. Then 
(A) Fj (max) = F2 (max) (B) Fj (max) > F2 (max) 
(C) Fj(max) < F2 (max) (D) F, (max): F2(max) = 5 : 3 

. A 5 kg A 5 kg 
B 3 kg B 3 kg 

WWWVvAVW ,\\\\\\\\\\\\\ 

Q.2 A block of mass 10 kg is placed on the top of ablock of mass 20 kg, resting on a table. A force F in the 
horizontal direction is applied to the lower mass such that they both move together to the right with 
acceleration a. The coefficients of static and kinetic friction between the blocks are 0.4 and 0.2 respectively. 
The upper block does not slide relative to the lower one if | iokg | 
( A ) a < 0 . 4 g (B) a < 0.2 g 20S j 
(C) a > 0.4 g (D) a > 0.2 g m m m ^ u m m t i m u m 

Q. 3 Two boats were going down stream with different velocities. When one overtook the other a plastic 
ball was dropped from one of the boats. Some time later both boats turned back simultaneously 
& went at the same speeds as before (relative to the water) towards the spot where the ball had been 
dropped. Which boat will reach the ball first? 
(A) the boat which has greater velocity (relative to water) 
(B) the boat which has lesser velocity (relative to water) 
(C) both will reach the ball simultaneously 
(D) cannot be decidedunless weknowthe actual values ofthe velocities and die time after which they turned around. 

Q.4 Aparticle is projected with a speed V from a point O making an angle of 30° with the vertical. At the 
same instant, a second particle is thrown vertically upward from a point A with speed v. The two particle 
reach H, the highest point on the parabolic path of the first particle simultaneously, then the ratio V/v 

(A) 3V2 (B)2V3 ( C ) ^ (D)~ 

Q.5 Two blocks A and B of mass 1 kg and 2 kg respectively are placed over a smooth 
horizontal surface as shown in figure. The coefficient of fiiction between blocks A and B 
is p. = 1/2. An external force of magnitude F is applied to the top block at an angle 
a = 30° below the horizontal. 

(a) If the two blocks move together, find their acceleration in terms of F. 
(b) Find the maximum values of F so that both the blocks move together with same acceleration.(g=l 0 m/s2) 

Q. 6 Find acceleration of upper block it static & kinetic n= 
fiiction coefficients have same value. rmfmrmMrrmfrnT! 

n = 0 .2 

Q.7 Ablockofrnass m^lies on aplane inclined atan angle a=37° to the horizontal. 
Another block of mass mj is connected to the block m2 by a thread slung over a 
pulley. Coefficient of fiiction between ir0 and the plane is 0.5, Calculate the 
acceleration of the blocks and the frictional force on m2 in the following cases, 
(a) m t = 2kg, m2 = 5kg (b) m, = 6kg, m2 = 5kg N 



Q.8 A particle inside a hollow sphere of radius r, having a coefficient of fiiction (1/ ) can rest up to a height 

of 

Q. 9 If the lower block is held fixed and force is applied to P minimum force required to 
slide P on Q is 12N. Now if Q is free to move on frictionless surface and force is ^ l 4 K g l t 

applied to Q then the minimum force F required to slide P on Q is . - 2 J — — — t ^ F 

Q. 10(a) In the figure shown a constant force F is applied on lower block, just 
large enough to make this block on the verge of sliding out from between 
the upper block and the table. Determine the force F at this instant and 
common acceleration of each block. Take g = 10 m/s2. 

(b) It instead of a constant force F we apply a time varying force F = (20t) 
Newton. Plot a graph between acceleration of both the blocks and 
time. 

5kg 

muni 
15kg 

intinii 
—F 
m iniu 

^=0.5,^=0.4 
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Q.l 

Q.2 

Q.3 

Q.4 

Q.5 

Q.6 
(a) 

(b) 

Q.7 

Q.8 

lONtr (1=0.2 
The system shown in figure is released 
(A) aj = 0.35 m/s2 1 ^ = 4.5 m/s2 (B) a t - 3 m/s2 ; a j = 0.5 m/s2 

(C) 3j ~ 2 m/s2 ; a2 = 2 m/s2 (D) a} = 0.5 m/s2 ; a2 = 3 m/s2 

The coefficient of friction between 4kg and 5 kg blocks is 0.2 and between 
5kg block and ground is 0.1 respectively. Choose the correct statements < 
(A) Minimum force needed to cause system to move is 17N 
(B) When force is 4N static friction at all surfaces is 4N to keep system at rest 
(C) Maximum acceleration of 4kg block is 2m/s2 

(D) Slipping between 4kg and 5 kg blocks start when F is 17N 

The maximum value of m(in kg) so that the arrangement 
shown in the figure is in equilibrium is given by 
(A) 2 (B) 2.5 (C) 3 (D)3.5 

Two particles are moving along two long straight lines, in the same plane, with the same 
speed = 20 cm/s. The angle between the two lines is 60°, and their intersection point is O. At a certain 
moment, the two particles are located at distances 3m and 4m from O, and are moving towards O. 
Subsequently, the shortest distance between them will be 

(A) 50 cm (B )40V2cm (C) 50^2 cm (D )50V3cm 

Two blocks A and B of mass 2 kg and 4 kg are placed one over the other as shown in 
figure. A time varying horizontal force F = 2 t is applied on the upper block as shown in 
figure. Here t is in second and F is in newton. Draw a graph showing accelerations of A 
and B on y-axis and time on x-axis. Coefficient of friction between A and B is JJ, = 1 /2 
and the horizontal surface over which B is placed is smooth. (g=10 m/s2) 

A block of mass m = 3 kg is experiencing two forces acting on it as shown. *F2 
If F 2 =20 N and 0 = 60°, determine the minimum and maximum values of Fj 

so that the block remains at rest. (Take:|its=l/V3 andjJk=l/3,g=10m/s2) 
Calculate the magnitude and direction of frictional force on the block if F, = 12 N. 

Find the acceleration of the three masses A, B and C shown in figure. 
Friction coefficient between all surfaces is 0.5. Pulleys are smooth. 

[ A J — - 2 t 
m umiiiiiniu 

iiiiinniiinuniinnniii ha 

A man of mass 50 kg is standing on one end of a stationary wooden plank 
res t ing on a f r i c t ion le s s sur face . The mass of the p lank is 
10 kg, its length is 300 m and the coefficient of friction between the man and 
the plank is 0.2. Find the shortest time in which the man can reach the 
other end starting from rest and stopping at the other end. 

50 kg 

u = 0.2 
1300 m 

10 kg 

^ = 0 
Q.9 

Q.10 

A block of weight w rests on a rough horizontal plank. The slope angle of of the plank 0 is gradually 
increased upto 90°. Draw two graphs, both with 0 along the x-axis. In one graph show the ratio ofthe 
normal force to the weight as a function of 0. In the second graph, show the ratio of the friction force to 
the weight. Indicate the regions of no motion and where motion exists. 

Two masses A and B, lie on a frictionless table. They are attached to either end B *=* ^ 
of a light rope which passes around a horizontal movable pulley of negligible A p ( 3 ; 
mass. Find the acceleration of each mass MA = 1 kg, MB = 2 kg, M c = 4 kg. 
The pulley P2 is vertical. 
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Q.l A body is thrown with velocity 20 m/s at an angle of 60° with the horizontal. Find the time gap between 
the two positions of body where velocity of body makes an angle of 30° with horizontal 
(A) 1.15 sec. (B) 0.95 sec. (C) 1 sec. (D) 1.5 sec. 

Q.2 To man running at a speed of 5 m/sec,the rain drops appear to be falling at an angle of 45° from the 
vertical. If the rain drops are actually falling vertically downwards, then velocity in m/sec is 
(A) 5 (B)5V3 (C) 5J2 (D)4 

Q.3 Ariver is flowingfrom west to east at a speed of 5 meters per minute. Aman on the south bank ofthe 
river, capable of swimming at 10 metres per minute in still water, wants to swim across the river in the 
shortest time. He should swim in a direction 
(A) due north (B) 30° east of north (C) 30° north of west (D) 60° east of north 

Q.4 An object of mass m is projected with a momentum P at such an angle that its maximum height (H) is 
114th of its horizontal range (R). Its minimum kinetic energy in its path will be 

( A ) f ( B ) 2 l ( Q ^ l ( D ) J ^ 
8m 4m 4m m 

Q. 5 On an inclined plane inclined at an angle of 30° to the horizontal, a ball is thrown upwards with a velocity 
of 10 m/s, at an angle of 60° to the inclined plane. Its range on the inclined plane is : 
(A) 10m (B) 5V3 in (C)0m (D) IO-n/3 m 

Q.6 A particle moving with a speed v changes direction by an angle 0, without change in speed. 
(A) The change in the magnitude of its velocity is zero. 
(B) The change in the magnitude of its velocity is 2vsin(0/2). 
(C) The magnitude of the change in velocity is 2vsin(0/2) 
(D) The magnitude of the change in its velocity is v( 1 - cosG). 

Q.7 A particle is projected vertically upward with initial velocity 25 m/s. For its motion during third second, 
which ofthe following statement is correct? 
(A) Displacement of the particle is 30 m 
(B) Distance covered by the particle is 30 m. 
(C) Distance covered by the particle is 2.5 m 
(D) None of these 

Q. 8 A body of mass 2kg rests on a horizontal plane having coefficient of fiiction (j=0.5.Att=0a horizontal 
force p is applied that varies with time F ~ 2t. The time constant tQ at which motion starts and distance 
moved in t = 2t0 second will be and respectively. 

Q.9 A truck shown in the figure is driven with an acceleration a = 3 m/s2. n 
Find the acceleration of the bodies A and B of masses 10 kg and 5 kg v 

respectively, assuming pulleys are massless and friction is absent 
everywhere. B[J 

Q. 10 Blocks A and B in the figure are connected with a bar of negligible weight. If 
A and B each weight 170 kg and |_la= 0.2 and p,B= 0.4, where f.iA and |aB are 
the coefficients of limiting fiiction between plane and the bodies respectively, 
calculate the acceleration of the system and force in the bar. 



ill BANSAL CLASSES PHYSICS 
V S Target UT JEE 2007 Da i ly Practice P rob lems 

CLASS: XI (P, Q, R, S) DATE: 18-19/07/2005 DPP. NO.-33 

Q.l Ablock' A' of mass 45 kg is placed on a block 'B' of mass 123 kg. Now block k 4 0 J =s 
'B' is displaced by external agent by 50 cm horizontally towards right. During the 
same time block 'A'just reaches to the left end of block B. Initial & final position initial position 
are shown in figure. Refer to the figure & find the workdone by frictional force on ] 
block Ain ground frame during above time. 
(A) - 1 8 Nm (B) 18 Nm (C)36Nm ( D ) - 3 6 N m 

Q.2 A block of mass 10 kg is released on a fixed wedge inside a cart which is 
moved with constant velocity 10 m/s towards right. Take initial velocity of 
block with respect to cart zero. Then work done by normal reaction on 
block in two second m ground frame will be: (g = 10 m/s2) 
(A) zero (B) 960 J (C) 1200 J (D) none of these 

\m\mmm\u 
Final position 

h 

Q. 3 A spring of force constant k is cut in two part at its one third length, when both the parts are stretched by 
same amount. The work done in the two parts, will be 
(A) equal in both (B) greater for the longer part 
(C) greater for the shorter part (D) data insufficient. 

Q. 4 A ball is proj ected vertically up with an initial velocity. Which of the following graphs represents the KE 
ofthe ball? 

h —> h - > \ 

Q.5 The block of mass 'm' initially at x = 0 is acted upon by a 
horizontal force F = a - bx as shown in the figure. The coefficient 
of friction between the surfaces of contact is |j,. The net work 
done on the block is zero if the block travels 
a distance of 

I 
x = 0 

77777777777777777777777777 777777777777777777777 

Q.6 

(a) 
(b) 

The elevator E has a mass of3000 kg when fully loaded and is connected 
as shown to a counterweight W of mass 1000 kg. Determine the power 
in kilowatts delivered by the motor 
when the elevator is moving dotvn at a constant speed of 3 m/s, 
when it has an upward velocity of 3 m/s and a deceleration of 0.5 m/s2. 



Q. 7 A block of mass'm' is attached to one end of a massless spring of spring constant 
'k'. The other end of the spring is fixed to a wall. The block can move on a : 
horizontal rough surface. The coefficient of fiiction between the block and the ; 

2ju. mg = 
surface is p,. The block is released when the spring has a compression of — - — . ' 

(a) Find the initial acceleration of block, (b) Find the maximum speed of the block. 

Q. 8 Power applied to a particle varies with time as P=2t +1. If the body of mass 1 kg is initially at rest. Find 
its kinetic energy at t = 3 sec. 

Q.9 A spring constant K = 100 N/m is initially in the relaxed state. It undergoes two steps slowly under 
application of an external force. 
Step I : Stretched by 10cm from initial position 
Step I I : Then compressed through a distance of 25cm (from position attained after step I.) 
Find: (a) work done by spring force in step I (b) work done by external force in step II 

Q. 10 The only force acting on a 2kg body as it moves along the x-axis varies 
as shown in figure. The velocity of the body at x = 0 is 4m/s 

(a) What is the K.E.of the body at x = 3.0 m? 
(b) At what value of x will the body have a K.E. of 8 J ? 
(c) What is the maximum K.E. attainedbythebodybetweenx = Otox = 5 meter? 

13 
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Q.l A constant force produces maximum velocity V on the block connected to the 

spring of force constant K as shown in the fig, When the force constant of spring 
becomes 4K, the maximum velocity of the block is 

-nrrmTr̂ -[m~|-H>F 

(A) (B)2V (C) (D)V 

Q.2 A small sphere of mass'm' is dropped from a great height. After it has fallen through 100 m it attains its 
terminal velocity and continues to fall. The work done against air friction during first 100 m fall is 
(A) greater than the work done during second 100 m fall . 
(B) less than the work done during second 100 m fall 
(C) equal to weight mg 
(D) greater than weight mg 

Q.3 Three blocks A, B and C are kept as shown in the figure. The coefficient of 
friction between Aand B is 0.2, B and C is 0.1, C and ground is 0.0. The mass 
of A, B and C are 3 kg, 2 kg and 1 kg respectively. A is given a horizontal 
velocity 10 m/s. A, B and C always remain in contact i.e. lies as in figure. The 
total work done by friction will be 
(A) - 75 J (B) 75 J (C)- 150 J (D)-100J \\U\\\\W\\\\WU\W 

Q. 4 A body of mass 2 kg is kept on a rough horizontal surface as shown in the figure. 
Find the work done by frictional force in the time interval t = 0 to t = 5-sec. 
(A) zero (B)+15J 
(C) - 20 J (D) data insufficient 

Q. 5 An obj ect is attracted towards the origin with a force given by Fx= -k/x2 Calculate the work done by the 
force Fx when the obj ect moves in the x direction from x} to x2(x2>x j). 

20 

Q. 6 Starting at rest, a 5kg obj ect is acted upon by only one force as indicated Force(N> 
in fig. Find the total work done by the force. _10

 1 w— 2 1 

Q.7 An object has several forces acting on it. One of these forces is f = 3xy i • Calculate the work done on 
the object by this force for following displacements (a) (0,4) to (2,4) parallel to x axis, (b) (2,0) to (2,4) 
parallel to y axis (c) From (0,0) to (2,4) along y=2x. 

Q. 8 A spring is attached with a block of mass m and a fixed horizontal rod. The 
block is lying on a smooth horizontal table and initially the spring is vertical and 
unstretched. Natural length of spring is 3/0. A constant horizontal force F is 
applied on the block so that block moves in the direction of force. When length 
ofthe spring becomes 5 /Q block leaves contact with the table. 
Find the constant force F, if initial and final velocity of block is zero. 



Q.9 Two blocks A and B of mass 1 kg and 2kg respectively are connected by a string, 
passing over a light frictionless pulley. Both the blocks are resting on a horizontal floor 
and the pulley is held such that string remains just taut. At moment t=0, a force F=20t 
newton starts acting on the pulley along vertically upward direction, as in Fig. Calculate 
(a) velocity of A when B loses contact with the floor (b) height raised by the pulley upto 
that instant and (c) work done by the force F upto that instant. 

F = 2 0 1 

• • 

Q. 10 A block of mass 2 kg kept 1 m away from a spring is proj ected with velocity of 2 m/s towards the spring. 
(a) What is the maximum compression in the spring? , weo n/m 
(b) At what distance from the spring will the block finally come to rest. 
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Q. 1 A particle is moved from (0, 0) to (a, a) under a force F = (3i + 4j) from two 
W 

paths. Path 1 is OP and path 2 is OQP. Find the ratio —-L the work done by this 
W„ 

force in these two paths. [3] 

Q.2 System shown in the figure is released from rest. When spring is unstretched pulley and 
spring is massless and friction is absent everywhere. Find speed of 5 kg block when 
2 kg block leaves the contact with ground. 
(Take force constant of spring k = 40 N/m and g = 10 m/s2) [3] 5 kg U 0 2 kg 

Q. 3 A motor drives a body along a straight line with a constant force. Draw the graph of power p developed 
by the motor must varying with time t 

Q.4 The force acting on a body moving along x axis varies with the position of the 
particle as shown in the fig. State the nature if equilibrium of body at xt & x2. [3] 

Q.5 Ablockofmass 1 kg is kept on smooth inclined surface ofan elevator moving 
up with a constant velocity of 5 m/s. Find the work done by normal reaction (as 
seen from ground) on the block is 10 sec. [3] 

Q.6 A pulley block system is shown in figure. Find the maximum mass M so that 4 kg and 
5 kg block will move together. Static friction coeflicient between surfaces of 4kg 
and 5 kg block is 0.8 and all other surfaces are considered to be fiictionless. [3] 

Q. 7 In the figure shown, an external force F = 150 N making an angle 5 3 0 with the ÔTiTontai 
horizontal is applied to the block. Find the displacement of the block in four surface 

seconds. Initial velocity of the block is 10 m/s towards right. [4] 

Q. 8 A ring of mass m can slide over a smooth vertical rod. The ring is connected to a 
4mg 

spring of force constant K = —-— where 2R is the natural length of the spring. R 
The other end of the spring is fixed to the ground at a horizontal distance 2R from 
the base of the rod. The mass is released at a height of 1.5R from ground 
(a) calculate the work done by the spring. 
(b) calculate the velocity ofthe ring as it reaches the ground. [4] 

Q. 9 A slab of mass m2 ( = 10 kg) is resting on a frictionless floor with a 
second mass m, (= 1 kg) on its top. The coefficient of friction between r~n 
nij andm2is p.= 0.1. Ahorizontal force of 15 N is applied to the I m 2 [ »T-15T 
lower block att = Q. / / / / / / / / / / / / / 
calculate the time required by the smaller block to move a distance of 0.5 m on the bigger block. 
What is the distance moved by m2 in this time? [5] 

(a) 
(b) 

Q. 10 The velocity of a particle when it is at its greatest height «j2/5 is of its velocity when it is at its half the 
maximum height. Find the angle of projection and the velocity vector angle at half the maximum height. 

[5] 
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Q. 1 A car is moving on circular path of radius 100m such that its speed is increasing at the rate of 5m/s2. At 

t=0it starts from rest. The radial acceleration of car at the instant it makes one complete round trip, will 
be . 

Q.2 A particle moves in the x-y plane with the velocity v = ai +bt j. At the instant t= aVI/b the magnitude 
of tangential, normal and total acceleration are , , & . 

Q. 3 A car goes on a horizontal circular road of radius R, the speed is increasing at a constant rate dV/dt=a. 
The friction coefficient between the road and the tyre is |a. The speed at which the car will skid is 

Q .4 A spotlight S rotates in a horizontal plane with a constant angular velocity of 0.1 
rad/sec. The spot of light P moves along the wall at a distance of 3m. The 
velocity of the spot P when 0 = 45° is m/sec. / 

Q. 5 A point traversed half a circle of radius R = 160cm during time interval x= 10.0s. Calculate the following 
quantities averaged over that time: 

(a) average speed 
(b) magnitude of average velocity 
(c) magnitude of average acceleration if the point moved with constant tangential acceleration. 

Q.6 A particle is moving along a circularpath of radius Rin such a way that at any instant magnitude of radial 
acceleration & tangential acceleration are equal. If at t=0 velocity of particle is V0. Find the speed of the 

R 
particle after time t= o v  z v o 

Q. 7 Aparticle is travelling in a circular path of radius 4m. At a certain instant the particle is moving at 20m/s and 
its acceleration is at an angle of 37° from the direction to the centre of the circle as seen from the particle 
(a) At what rate is the speed of the particle increasing? 
(b) What is the magnitude of the acceleration? 

Q. 8 A boy whirls a stone in a horizontal circle 2m above the ground by means of a string 1,5m long. The 
string breaks and the stone flies off horizontally and strikes the ground 10m horizontally away. What was 
the centripetal acceleration of the stone while in circular motion? 

Q. 9 A stone is thrown horizontally with the velocity 15m/s. Determine the tangential and normal accelerations 
of the stone in 1 second after it begins to move. 

Q. 10 A particle begins to move with a tangential acceleration of 0.6 m/s2 in a circular path. If it slips when its 
total acceleration becomes 1 m/s2, find the angle in degrees that it would have turned before it starts to 
slip. 
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Q 1 

(a) 
(b) 

Q.2 

Q.3 

Q-4 

Q.5 

Q.6 

Q.7 

Q.8 

Q.9 

A particle P of mass m kg moves on the smooth inner surface of a fixed hollow c_j_s10 

hemisphere with centre 0 , radius a metres and axis vertical. The particle moves 
in a horizontal circle with centre C and radius r metres, and CP rotates with 
angular speed © rad s_1. The distance OC is h metres (see diagram). 
Evaluate in terms of 'g ' and 'h'? 
Express the magnitude of the normal contact force between P and the surface in terms of m, g, a and h. 
A new car model is tested first along a specially designed horizontal rough track. First, the car is driven 
along a straight stretch of the track of length r. If the car starts from rest at its maximum (constant) 
acceleration, it takes the amount of time n o cover distance r. The car is then brought to rest and is 
accelerated again along a circular loop of the track that has a radius r having same friction coefficient. 
Assuming that the car is speeding up at the maximum possible constant rate that allows it to remain on the 
track, how long would it take complete one revolution? 
Aright circular cone is fixed with its axis vertical and vertex down. A particle is in contact 
with its smooth inside surface and describes circular motion in a horizontal plane 
ataheightof20cmabovethevertex.Finditsvelocityinm/s. c43® 

A particle of mass m is attached to a vertical rod with two 
inextensible strings of equal lengths /. The distance between the 
points of suspension is I. 
Determine the tension in each string. 

( I 

Q.10 

Particles of masses 3 kg and 5 kg are attached to the ends of a light string of length 1 m which passes 
through a fixed ring at O. The lighter particle describes a horizontal circle about the heavier particle 
which remains stationary as centre. Prove that the two particles lie in a horizontal plane at a distance 

3 TT - m below O and that the time period for one complete revolution is n^j — . 

A heavy particle is tied to one end of a string 0.4m long, whose other end is fixed. The particle is 
projected horizontally from its lower position The string becomes slack when it makes an angle of 60° 
with the upward vertical. The velocity in m/s of the particle at that instant is _ . 

Two particles A and B each of mass m are connected by a massless string. A is placed 
on the rough table. The string passes over a small, smooth peg. B is left from a position 
making an angle 0 with the vertical. Find the minimum coefficient of friction between A 
and the table so that A does not slip during the motion of mass B. 

A body is projected with a velocity 10 ms~! at an inclination 45° to the horizontal. Minimum radius of 
curvature of the trajectory described by the particle is . 
A wire ring of radius R is fixed in a gravity free region. A small bead having a hole 
through its centre can slide on the wire ring. The coefficient of kinetic friction between 
the bead and the wire ring is ju. A t ' t ' = 0, the bead is imparted a velocity 
tangentially along the ring, as shown. Find the speed of the bead 
'v' and its angular displacement '9' as function of time. 

Two light wires AC and BC are tied at C to a sphere which 
revolves at constant speed v in the horizontal circle shown in 
the figure. Determine the range of values of v for which both 
wires remain tight. 
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[ 3 x 2 5 = 75] 

Q. l A particle starts from origin accelerates for t sec then decelerates with same acceleration till 2t0 sec along 
the x-direction. The graph representing variation of displacement (x) with time(t) is , 

(A) (B) 
V 2t0 H r 4 • 

Q.2 A uniform chain of length L and mass M is lying on a smooth table and one third of its length is hanging 
vertically down over the edge of the table. If g is acceleration due to gravity, the work required to pull the 
hanging part on to the table is 

(A)mgL (B) 
mgL 

•(C) 
mgL mgL 

18 

Q.3 ' A block tied between two springs is in equilibrium. If upper spring is cut then the acceleration of 
the block just after cut is 6 m/s2 downwards. Now, if instead ofupper spring, lower spring is 
being cut then the acceleration of the block just after the cut will be: 
(A) 16 m/s2 0 ^ 4 m/s2 , j£ ) cannot be determined (D) none of these 

Q. 4 / A paricle ofunit mass moves along a smooth horizontal surface under the action of a horizontal force of 

magnitude [5 - K ] N, where S is its distance from a fixed point O on the surface. The force is 
directed always away from O. If it starts from rest at O and comes to instantaneous rest again 400 m 
from O, the value of the constant K will be 

(B)f ( O f 

Power delivered to a body varies as P = 3 t 2 . Find out the change in kinetic energy of the body from t = 2 
to t = 4 sec. ! 

(A) 12 J U 0 5 6 J (C) 24 J (D) 36 J 

Q.5 

Q.6 A mountain climber is sliding down a vertical rope. Her total mass 
including the equipments is 65 kg. By adjusting the friction on the rope, 
she controls the tension force on the rope as a function of time is shown 
in the fig. The speed of the mountaineer at the end of 2 sec if she starts 
from rest is [Take g = 9.8 ms - 2] 
(A) 2.25 ms 1 (B) 4.5 m s 1 

n J £T5 ms"1 (D) 2.5 ms-1 

TjN) 

637 

312 

0.2 
• t(sec) 

Q 7 Aforce F = (3ti + 5j) N acts on a body due to whichits displacement varies as s = (2t2 i - 5j) • Work 
done by this force in t = 0 to 2 sec is: 
< # 2 3 J <Xf32 J (C) zero (D) can't be obtained. 



Q. 8 Man Asitting in a car moving at 54 km/hr observes a manB in front of the car crossing perpendicularly 
the road ofwidth 15 m in three seconds. Then the velocity of man B will be 

(A) 5 A/TO towards the car 5 A/TO away from the car 
K(£f5 m/s perpendicular to the road (D)None 

Q.9 Two blocks, A and B, of same masses, are resting in equilibrium on an inclined plane having inclination 
with horizontal = a. The blocks are touching each other with block B higher than A. Coefficient of static 
friction of A with incline =1.2 and of B=0.8. If motion is not imminent, 
(A) a <30° AN^f(Friction)A > (Friction)B 

< 45° (D) (Friction)A=(Friction)B 

Q. 10 The horsepower of a pump of efficiency 80%, which sucks up water from 10 m beldw ground and 
ejects it through a pipe opening at ground level of area 2 cm2 with a velocity of 10 m/s, is about 
(A) 1,0 hp J p ) 0.5hp - (C) 0.75 hp (D)4.5hp 

Q. 11 The position of a particle changes according to the equation r = (2i - 4t2 j) m. Which ofMowing is not 
correct? • / 

(A) v = -8t j (C) -8j (D) None of these 

Q. 12 The potential energy of a particle varies with x according to the relation U(x)=x2-4x Thepointx=2is apointof 
^ ^ t a b l e equilibrium (B) unstable equilibrium (C) neutral equilibrium (D) none of above 

Q.13 Two blocks Bj & B2 of masses m l&m2 respectively are connected with the help of 
a pulley and string as shown. Upper surface ofvehicle is smooth but vertical surface ^-i 
is rough. Given a=g/7 & m} = 7. S ^ . Blocks B} & B2 do not slide, then minimum a 

(A) 0.4 (C) 0.6 (D) 0 3 

Q. 14 A stone is released from an elevator goingup with an acceleration a. The acceleration ofthe stone after 
the release is 
(A) a upward (B) (g - a) upward (C) (g - a) downward^Jp)-|fdownward 

U tf 
Q. 15 Potential energy and position for a conservative force are plotted in graph 

shown. Then force position graph can be 

(A) (C) 

Q, 16 As shown in the figure, M is a man of mass 60 kg standing on a block of mass 40 kg kept on ground. The 
coefficient of friction between the feet ofthe man and the block is 0.3 and that between B and the ground 
is 0.2. If the person pulls the string with 125 N force, then the correct statements are 
I. B will slide on ground 
II A and B will move together with acceleration 0.5 mls~2 

DI The friction force acting between A& B will be 40 N 
IV JThe friction force acting between A& B will be 180 N. 
( A > ^ II (B) II & III (C) I and III 

mUUuUuuum 
(D) I, II and III 



Q. 17 A particle is moving on x-axis has potential energy U=2-20X+5x 2 Joules along x-axis. The particle 
is released at x = - 3 . The maximum value of'x'will be [x is in meters and U is in joules] 
(A) 5 m (B)3m (D)8m 

Q. 18 Amotor boat is to reach at a point 30° upstream (w.r.t. normal) on other side of a river flowing with 
velocity 5m/s. Velocity ofmotorboat w.r.t. water is 5^3 m/s. The driver should steer the boat at an angle 
(A) 120° w.r.t. stream direction 
(B)?0o w.r.t. normal to the bank 

30° w.r.t. the line of destination from starting point. ' 
(D) none of these 

Q, 19 A varying horizontal force F = at acts on a block of mass m kept on a smooth horizontal surface. An 
identical block is kept on the first block. The coefficient of friction between the blocks is p,. The time 
after which the relative sliding between the blocks prevails is 
(A)2mg/a ^Jp)rlp,mg/a (C)|jmg/a (D)None 

Q.20 

Q.21 

Q.22 

Q.23 

Q.24 

A bead of mass 5 kg is free to slide on the horizontal rod AB. They are connected 
to two identical springs of naturallength h ms. as shown. If initially bead was at 
O & M is vertically below L then, velocity of bead at point N will be 

J^rShm/s ' (B) 40h/3 m/s 
(C) 8h m/s (D) none of these 

Two blocks of masses mj= 1kg and n^ = 2kg are connected by a non - deformed light spring. They are 
lying on a rough horizontal surface. The coefficient of friction between the blocks and the surface is 0.4. 
What minimum constant force F has to be applied in horizontal direction to the block of mass nij in order 
toj^ift the other block? ( g= 1 Om/s2) 

~-(A)8N (B) 15 N (C)10N (D) 12 N 

Consider the system of ideal pulley spring and block ofmass m. When the system is released 
from state of rest, the maximum distance moved by the block of mass'm'is 

(A) 
mg 
2k (B) 

2mg 
J ^ f 

A flexible chain of length L = 2 0 4 l m and weight W - 1 Okg is intially 
placed at rest on a smooth frictionless wedge surface ABC. It is given a 
slight jerk on one side so that it will start sliding on the side. Find the 
speed of the chain when its one end will leave the vertex of the wedge: 

(A) 10V2 m/s ^ J£ )T0m/s (C)4m/s 

The tangential acceleration of a particle in a circular motion of radius 2 m is at = at m/s2 (where a is a 
constant) Initially the particle as rest. Total acceleration ofthe particle makes 45° with the radial acceleration 
after 2 sec. The value of constant a is: 
(A) 1/2 m/s3 JJBfTm/s3 (C)2m/s3 (D) data are insufficient 

(D)(10V2)1/2 

Q. 25 A particle of mass m is fixed to one end of a light spring of force constant k and 
unstretched length /. The system is rotated about the other end of the spring 
with an angular velocity © in gravity free space. The increase in length of the 
spring is 

(A) 
mco2£ mq21 

k - mco2 (C) 
mcp2l 

k + mco2 

—W.m$.W!h» 

(D) none of these 
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Q.L Find the friction force between the blocks in the adjacent figure ^=0 3 
(A) 6N (B) 18N ' V ( l i i l 
( C ) 5 N ( D ) 12 N smoothl H wwrnmrrnvvwrm' 

•F=15N 

Q.2 The spring is compressed by distance a and the system is released. The block again comes to rest when 
the spring is elongated by a distance b. During this process 

m 
\\\\\\\\\\\\u\\\\\\\\\'\\\\\\\\\ 

1 2 
(A) work done by the spring on the block = - k(a - b) 

(B) work done by the spring on the block = — k(a + b ) 
2 a u 

k(a-b) 
(C) coefficient of friction = ~~ 2mg 

k(a + b) 
(D) coefficient of friction = 

Q.3 A particle moves in x-y coordinate system such that its position coordinates are gives as 

r = 2 sin ti+4 sin tj, The path of the particle is: 
(A) straight line (B) parabola (C) circular (D) ellipse 

Q.4 Which ofthe followingis correct about kinetic friction? 
(A) Always acts in opposite direction of the applied force. 
(B) total work done by this force on the system may be zero. 
(C) direction of friction is always apposite to direction of velocity. 
(D) it can increase velocity. 

Q. 5 Two springs having spring constant 9 N/m and 16 N/m are stretched by forces F j and F2 till they have 
same potential energy. The value of Fj/F2 is 
(A) 4 : 3 (B) 3 : 4 (C) 16 : 9 (D)9: 16 

Q. 6 A body starts from rest with uniform acceleration. Its velocity after 2n second in v0. The displacement of 
the body in last n seconds is , 

( A ) ^ > (B) (2n-l) 

Q. 7 A bucket tied to a string is lowered at a constant acceleration of g/4. If the mass of the bucket is M and 
is lowered by a distance d, the work done by the string will be (assume the string to be massless) 

(A)^Mgd (B)--jMgd (C) -jMgd (D)-~Mgd 



Q. 8 Three blocks lie on each other as shown. Horizontal force F (variable) is applied on block A. Choose 
the correct statements, (g = 10 m/s2) 
I. maximum acceleration of block Bean be 2 m/s2. b 2kg^F 

II slipping between B and C cannot take place. , , n n ^ i i \ n n n 
HI slipping between A and B starts when F is more than 8N ^ 
IV maximum acceleration of block C can be 3 m/s2. 
(A) I & II ( B ) I I & n i (C) I and III (D) I, II and III 

Q. 9 V-t graph of an obj ect of mass 1 kg is as shown. Select the wrong statement 
(A) work done on the object in 30s is zero 
(B) the average acceleration of the object is zero 
(C) the average velocity of object is zero 
(D) the force acting on particle at t = 10 sec is 1 Newton. 

v(m/s)t 

Q. 10 

10 20 30 

The K.E. of a body moving along a straight line varies with time as shown in the figure. The force acting 
on the body is 
(A)zero 
(B) constant 
(C) directly proportional to velocity 
(D) inversely proportional to velocity 

Q. 11 The wedge is moved with constant horizontal acceleration a. For which of the 
following values of a will the acceleration of the block be different from its 
acceleration in other three cases. 

(A)2g (B)V3 (C)g CD) 10 

Q. 12 Aforce of (31 -1 .5 j) N acts on a 5 kg body. The body is at a position of (21 - 3 j)m and is travelling at 

4 ms~'. The force acts on the body until it is at the position (i + 5] jm. Assuming no other force does 
work on the body, the final speed of the body is 

(A) 20 ms"1 (B) 10 ms- (C) V20 •(D) VTo 

Q. 13 A pendulum bob is swinging in a vertical plane such that its angular amplitude is less than 90°. At its 
highest point, the string is cut. Which trajectory is possible for the bob afterwards. 

(A) ^ ( B ) M (C)N j K 
TTTT^nTT 

Q. 14 A load attached to the end of a spring and in equilibrium produces 9 cm extension of spring. If the spring 
is cut into three equal parts and one end of eachis fixed at 'O' and other ends are attached to the same 
load, the extensionin cm of the combination in equilibrium now is: 
(A)l (B)3 (C)6 (D)9 

Q. 15 A 15 gm ball is shot from a spring gun whose spring has a force constant of 600 N/m. The spring is 
compressed by 5 cm. The greatest possible horizontal range ofthe ball for this compression is (g=10m/s2) 
(A) 6.0 m (B) 12.0 m (C) 10.0 m (D)8.0m 



Q. 16 Three particles start from origin at the same time with a velocity 2ms-1 along positive x-axis, the second 
with a velocity 6ms-1 along negative y-axis. Find the velocity ofthe third particle a longx=y line so that 
the three particles may always lie in a straight line 

( A ) - 3 a / 3 ( B ) 3 ( C ) -3A/2 (D) 2 ^ 2 

Q. 17 The force required to stretch a spring varies with the distance as shown in the 
figure. If the experiment is performed with the above spring of half its natural 
length, the line OA will 
(A) rotate clockwise (B) rotate anticlockwise 
(C) remain as it is (D) become double in length 

3t2 

Q. 18 Power supplied to a particle of mass 2 kg varies with time as P = watt. Here t is in second. If 

velocity of particle at t = 0 is v = 0. The velocity of particle at time t = 2 s will be 

(A) 1 m/s - ( B ) 4 m/s ' . (C)2m/s (D) 2^2m/s 

Q.19 The motion of a body falling from rest in a resisting medium is described by the equation 

dv 
— = a - bv where a and b are constants. The velocity at any time t is 

( A ) v t = ^ ( l - e " b t ) ( B ) v t = f e b ;-b t 

a 

Q.20 Ablock of mass M = 4kg is kept on a smooth horizontal plane. A bar of 
mass m = 1 kg is kept on it. They are connected to a spring as shown & the 
spring is compressed. Then what is the maximum compression in the spring 
for which the bar will not slip on the block when released if coefficient of 
friction between them is 0.2 & spring constant k = 1000 N/m. 
(A) lcm (B) lm (C) 1.25 cm (D)10cm 

F V - ^ 0 2 

' M I 

Q.21 The potential energy in joulesofa particle of mass 1 kg moving in a plane is given by U = 3x+4y, the 
position Coordinates of the point being x and y, measured in metres. If the particle is initially at rest at 
(6,4), then choose the correct statements 
I its acceleration is of magnitude 5 m/s2 

II its speed when it crosses the y-axis is 10 m/s 
in it crosses the y-axis (x = 0) at y =-4 
IV it moves in a straight line passing through the origin (0,0) 
(A) I only (B) I & II (C) I, II and III (D) I, II, III and IV 

Q. 22 Aparticle P of mass m is attached to a vertical axis by two strings AP and BP of 
length / each. The separation AB=/. P rotates around the axis with an angular 
velocity a. The tensions in the two strings are Tj and T2 

I. 
n 
EI Tj-T2=2mg 

T r T 2 

Tj+T2=m(o2/ 

IV 
2g 

BP will remain taut only if co> 

(A) I only ( B ) I I&m (C) II, HI and IV (D) I, II, III and IV 



Q.23 A skier plans to ski a smooth fixed hemisphere ofradiusR. He starts from 
rest from a curved smooth surface of height (R/4). The angle 6 at which he 
leaves the hemisphere is 

(A) cos"1 (2/3) (B)cos"1 (5/a/3) 

(C) cos 1 (5/6) (D) cos 1 (5/2a/3) 

Q.24 An object of mass m is released from rest at Ato move along the fixed smooth 
circular track as in fig. The ratio of magnitudes of centripetal force and normal 
reaction of the track on the object at any point P at any angle 9 would be: 
(A)2/3sin0 (B)3/2cos9 (C) 2/3 (D)3/2 

Q.25 Asimplependulimiisvibratingwithanangularamplitudeof900asshowninfig. 
For what value of a (angle between string and vertical) during its motion, the 
total acceleration is directly horizontally? 
(A)0 (B) 90° (C) cos-^l/Vs) (D) sin-^l/Vi) 
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O B J E C T I V E P R A C T I C E T E S T 
Select the correct alternative. Only one is correct. 
For each wrong answer 1 mark will be deducted. 

[3 x 25 = 75] 

Q.l The potential energy of a particle of mass 5kg moving in the XY plane is given by V= -7x+24y joules, 
x and y being in metres. Initially at t=0 the particle is at the origin (0,0) moving with a velocity of 
6[ i (2.4)+ j (0.7)] m/s. Then choose the correct statement 
I themagnitudeofvelocityoftheparticleatt = 4secis25m/s 
II the magnitude of acceleration ofthe particle is 5m/s2 

III the direction of motion of the particle initially at t=0 is at right angles to the direction of acceleration 
IV the path ofthe particle is a circle. 
(A) I only (B) I & II (C) I, II and III (D) I, II, III and IV 

Q.2 A particle when projected in vertical plane moves along smooth surface with initial velocity 
20m/s at an angle of 60°, so that its normal reaction on the surface remains zero throughout the motion. 
Then the slope ofthe tangent to the surface at height 5 m from the point of projection will be 
(A) 30° (B) 45° 
(C) tan "(2) (D) tan1 (VI) 

Q.3 A10 kg ball attached to the end ofa rigid massless rod of length 1 mrotates at 
constant speed in a horizontal circle of radius 0.5 m and period 1.57 sec as in 
fig. The force exerted by rod on the ball is 
(A) 1.28 N (B) 128 N (C) 10N (D) 12.8 N 

V 
Q.4 Asmall block slides with velocity 0.5 on the horizontal r t 

frictionless surface as shown in the Figure. The block leaves 
the surface at point C. The angle 0 in the Figure is 
(A) cos-1 (4/9) (B)cos-1(3/4) 
(C) cos"1 (1/2) (D) none ofthe above 

Q. 5 Each of thp system shown below is initially at rest. Pulleys are massless and frictionless. Choose the 
correct statement(s). 

15 kg [g] 5 kg 20 kg [A] 

25kg [A] 

Fig- (1) 

15kg[A] 

Fig-(2) 

130 kg 

Fig- (3) 

Acceleration of block Ain figure 1 is same as that in figure 2. 
Acceleration of block Ain figure 1 is less than that in figure 2 and greater than that in figure 3. 
The ratio ofvelocity of block Ain figure 1 to that in fig. 2 after it has moved through 1 mis 1. 

1 
The ratio ofvelocity of block Ain figure 1 to that in fig. 2 after it has moved through 1 mis ^ 

(A) I & Ilonly (B)II&ni (C)I&IV (D) I, II, III and IV 



Q. 6 At a certain moment of time the angle between velocity and the acceleration of a particle, is greater than 
90°. What can be inferred about its motion at that moment? 
(A) It is curvilinear and decelerated (B) It is rectilinear and accelerated 
(C) It is curvilinear and accelerated (D) It is rectilinear and decelerated 

Q.7 Auniform flexible chain of mass m and length 21 hangs in equilibrium over a smooth horizontal pin of 
negligible diameter. One end of the chain is given a small vertical displacement so that the chain slips over 
pin. The speed of the chain when it leaves pin is 

(B),/2g? ( C ) V ^ (D) -J4gi 

Q. 8 Two bodies A& B rotate about an axis, such that angle 8A (in radians) covered by firstbody is proportional 
to square of time, & 6B (in radians) covered by second body varies linearly. At t = 0,0A=9B = 0. If A 
completes its first revolution in sec. & B needs 4tc sec. to complete half revolution then; angular 
velocity ®A: ©B at t = 5 sec. are in the ratio 
(A) 4 :1 (B)20:1 (C)80:1 (D)20:4 

Q. 9 Two cars A and B start racing at the same time on a flat race 
track which consists of two straight sections each of length 1 0 0 t i 

and one circular section as in Fig. The rule of the race is that each 
car must travel at constant speed at all times without ever skidding 
(A) car A completes its journey before car B 
(B) both cars complete their journey in same time 
(C) velocity of car Ais greater than that of car B 
(D) car B completes its journey before car A. 

"S IA 

Q. 10 A force F acting on a particle of mass 5 kg placed on a smooth horizontal surface. F = 40 Nt remains 
constant but its vector rotates in a vertical plane at an angular speed 2 rad/sec. If a t = 0, vector F is 
horizontal, find the velocity of block at t = 7t/4co sec. 

(A) 1 m/s (B)V2m/s (C)2m/s (D) 2^2ra/s 

pw* 1 

Q.ll Block Ain the figure is released from rest when the extension in the spring is XQ. 
The maximum downwards displacement ofthe block is 

(A) 
Mg 
2K 

Q. 12 A ball is held in the position shown with string of length 1 mjust taut & then projected 
horizontally with a velocity of 3 m/s. If the string becomes taut again when it is vertical, 
angle 9 is given by 
(A) 53° (B) 30° (C)45° (D)37° 

Q. 13 Two particles of equal mass are attached to a string of length 2m as shown in figure. The string and 
particles are then whirled in a horizontal circle about O. The ratio of the tension in string between P and 
Q to and tension in the string between P and O is 

(A) | (B) 
3 

(C)-2 
(D)2 



Q. 14 Ablock of mass m is projected on a smooth horizontal circular track with velocity v. 
What is average normal force exerted by the circular walls on the block during its 
motion from AtoB. 
< < 

Q. 15 Two particles starts moving on the same circle of radius 2 m, from the same point P at t=0, with constant 
tangential accelerations=2 m/s2 and 6 m/s2, clockwise and anticlockwise, respectively. The point where 
they meet for the first time is Q. The smaller angle subtended by PQ at center of circle is 
(A) 120° (B) 60° (C) 135° (D) 90° 

Q.16 A stunt man jumps his car over a crater as shown (neglect air resistance) 
(A) during the whole flight the driver experiences weightlessness \ 
(B) during the whole flight the driver never experiences weightlessness 
(C) during the whole flight the driver experiences weightlessness only at the highest point 
(D) the apparent weight increases during upward journey 

A 
Q. 17 A single wire ACB passes through a smooth ring at C which revolves at a constant 

speed in the horizontal circle of radius r as shown in the fig. The speed of revolution is g bo1 

(A).Vig (C) 2A/2rg (D) 2 ^ 

Q. 18 AB is the vertical diameter of a circle in a vertical plane. Another diameter CD makes an angle of 60° 
with AB; then the ratio of the time taken by a particle to slide along AB to the time taken by it to slide 
along CD, is 
(A) 1:1 (B) 4%: 1 (C)31 /4:21 /2 (D) 1: 42 

Q. 19 A body is thrown with a velocity of 10 m/s at an angle of 45° to the horizontal. The radius of curvature 
of its trajectory in t = 1/V2 sec after the body began to move is: 
(A)0m -(B) 2.5 m (C)5m (D)None 

Q.20 On a particle moving on a circular path with a constant speed v, light is thrown gj wall 
from a projectors placed at the centre of the circular path. The shadow ofthe 
particle is formed on the wall, the velocity of shadow up the wall is 
(A)vsec2(j) (B)VCOS2(|) (C) (A) vcos<j) (D)none 

Q.21 The length of second's hand in a watchis 1 cm. The change in velocity of its tip in 15 sec is: 

(A) zero (B) 71/3 0V2 cm/s (C) tt/30 cm/s (D) 7tV2/30 cm/s 

Q. 22 Apoint P moves along a circle of radius r with constant speed v. Its angular velocity about any fixed point 
on the circle will be 

(A) v/r (B)v/2r ..(C) y/r2 (D) v /2r 2 

Q.23 A heavy particle hanging from a string of length I is projected horizontally with speed JgT. Thespeed of 
the particle at the point where the tension in the string equals weight of the particle is: 

( A ) ^ i I (B)V3g7 (C) J & 7 2 ( D ) v 9 7 3 



Q.24 Aparticle of small mass mis joined to a very heavy body by a light sting passing over a light pulley. 
Both bodies are free to move. The total downward force on the pulley is nearly 
(A)mg (B)2mg (C)4mg ( D ) » m g 

Q. 25 The speed of a particle moving along a circular path is increasing at a constant rate a0. Identify the 
correct graph, which shows the variation of centripetal force Fn with time t. 

F„ F„ F, F„ 
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Q. 1 Aperson rolls a small ball with speed u along the floor from point A. 

If x=3R, determine the required speed u so that the ball returns to 
A after rolling on the circular surface in the vertical plane from B to C 
and becoming a projectile at C. What is the minimum value of x for 
which the game could be played if contact must be maintained to 
point C? Neglect friction. 

Q. 2 The corner of a motor racing track is banked at an angle of 3 0°. If the coefficient of friction between the 
tyre and track is ^3 j l find the ratio of the maximum speed at which car can take the turn with the 
corresponding speed of car if there is no friction. 

Q. 3 Aball is held at rest in position A by two light cords (as in figure) The horizontal cord is 
cut and the ball starts swinging as pendulum. The ratio of the tension in the supporting 
cord before and immediately after the string is cut will be 

: ~ Q. 4 A ball of mass is attached with a strong of length 7 and fixed at point A. The ball is |a § 
released from the position when the string is horizontal. Draw graphbetween tension (T) 
in the string and sinG (for 0 = < 90°), where 0 is angle made by the string with 
the horizontal. dm 

Q.5 The bob ofa pendulum oflength/is projected horizontally from its lowest position. The string becomes 
slack at some position. What is the maximum possible value ofthe vertical component of its velocity at 
that instant. (Initial velocity can be varied). 

Q. 6 The point O is mid-way between two small smooth pegs A and B which are 
fixed at the same horizontal level at distance 2a apart. Two light elastic strings, 
each of natural length a and force constant k have one end fixed at O and are 
attached at the other end to a particle P of mass m. One of the strings passes 
over peg A and the other passes over peg B. The particle hangs in equilibrium at 
a distance h vertically below O, as shown in the diagram. 

(a) Find the distance A when particle is in equilibrium. 
(b) If particle is held at O and released, find the maximum distance descended by 

the particle. 

i 



Q.7 The end ofaninextensible light string oflength/is attached to afixed point, and an object of mass m 

and to a smooth pivot at the point O. The system rotates with angular speed ® about the vertical line OA. 
The angle OAB = 30° and OB is horizontal, as shown in the figu™ 

(a) Evaluate the tension in the string "AB " in terms of'm' and 'g' 

Q 8 A particle P of mass m is attached by a light inextensible string oflength 2a to a fixed point O. When 
vertically below O, P is given a horizontal velocity u. When OP becomes horizontal the string hits a small 
smooth peg, Q, distant a from O and the particle continues to rotate about Q as centre. If the particle just 
describes complete circles about the rail, find the value of u. 

Q.9 The potential energy in a conservative force field is given by U = 3x2 + 4y2. 
(a) Find work done by the conservative force in moving from a body from (0, 2) to (2,0) 
(b) If mass of the body = 2 kg and its velocity at (4, 0) was 1 m/s find its velocity at (0,0) 

is attached to the other end B. A light spring of natural length — / and stiffness is attached to B 

(b) Evaluate the tension in the spring QS in terms of'm' and 'g'. 

(c) Find "©"in terms of'g' and 7'. 

Q.-10 A small ball is tied to one end of an inelastic string the other end of which is attached to a fixed point O. 
It is held, with the string tight, at a point which is 1.5m above O and then let fall; if the length ofthe string 
be 3 m. Find its velocity immediately after the string again becomes tight. 
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Q. 1 A body of mass M=5kg is attached to a small body of mass m=l kg by a 
very long massless rope passing over a fiictionless pulley. Mass M is held 
in contact with a vertical portion of a circular fiictionless slope of radius 3m 
with its centre at C. Determine the velocity of both masses when M just 
reaches B on a horizontal base. 

Q.2 A uniform chain of length L is suspended from a strip of elastic rubber, of natural — 
length h & is in equilibrium in the position shown. The chain is then cut at point 
A. Determine the length x, knowing that the remaining portion ofthe chain will L 

rise sufficiently: (i) to allow rubber strip to become slack, (ii) to touch the ceiling. 

Q.3 : Amass m is being lifted upward by means of a vertical spring of force constant k, with a uniform upward 
! acceleration a. If at the instant its velocity is v = (V3m / k jg, the upper end ofthe spring is suddenly 

brought to rest, calculate the maximum compression in the spring. 

Q.4p A uniform chain of mass m and length I hangs from a hook. Determine the amount of work required to 
p raise the middle link to the hook. 

Q.5 ' The ends of spring are attached to blocks of mass 3kg and 2kg. The 3kg block 
rests on a horizontal surface and the 2kg block which is vertically above it is in 

. equilibrium producing a compression of lcm ofthe spring. The 2kg mass must 
be compressed further by at least , so that when it is released, the.3 kg 
block may be lifted off the ground. 

iiiii/mimir/iiti 

Q.6 Asmall package ofweight wis projected into a vertical return loop at A 
^ with a velocity v. The package travels without friction along a circlc of 
T radius r and is deposited on a horizontal surface at C. For each ofthe 

two loops shown, determine (a) the smallest velocity for which the 
package will reach the horizontal surface at C. (b) the corresponding 

/ force exerted by the loop on the package as it passes point B. 

Q.7 

(a) 
(b) 
(c) 

A small block of mass m is projected horizontally from the top o f the 
smoothhemisphere of radius r with speed u as shown. For values of u > u0, it 
does not slide on the hemisphere(i.e. leaves the surface at the top itself). 
For u = 2u0, it lands at point P on ground Find OP. 
For u=UQ/3, Find the height from the ground at which it leaves the hemisphere. 
Find its net acceleration at the instant it leaves the hemisphere. 



Q.8 

Q.9 

A particle is attached to one end of string the other end of which is fixed. The 
particlemoves in vertical plane. The velocity at the lowest point is such that the 
particle can just complete the circle. The ratio of acceleration at A& B 

A light inextensible string AB has length 7a and breaking tension t u t 
of mass m is fastened to the string at a point P, where AP=4a. 1 he 11 is i 
B are secured to fixed points, A being at a height 5a verticall> ilx \ B 
particle is revolving in a horizontal circle with both portions of the str ne t 

show that the time of one revolution lies between 3n —and87t 
V ^g \'5g 

Q.10 

(a) 
<b) 

A small sphere B of mass m is released from rest in the position shown and 
swings freely in a vertical plane, first about O and then about the peg A after the 
cord comes in contact with the peg. Determine the tension in the cord, 
just before the sphere comes in contact with the peg, 
just after it comes in contact with the peg. 
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Q. 1 A uniform wire oflength / is bent into the shape o f ' V ' as shown. The 
distance of its centre of mass from the vertex A is 

A <060° J Pj 1 Pj 
(A) 1/2 (B) (C) (D) none of these x 

Q. 2 From a thin circular disc of radius R, a circular hole of radius 4R/5 is cut as shown. The 
distance of the centre of mass of remaining disc, from the centre of the original disc is 
(A) 15R/40 (B)R/3 
(C)R/4 (D) 16R/45 

Q.3 The centre of mass of a non uniform rod of length L whose mass prr unit length varies as 
p=kx 2 /L (wherekis a constant and x is the distance measured ibrmoneend) is at the following distance 
from the same end. 
(A) 3L/4 ' (B) L/4 (C)2L/3 (D)L/3 

Q.4 Two ice-skaters of mass 120kg and 200kg are initially hugging on a frictionless ice surface. Ten seconds after 
theypush off from each other, they are 8.0m apart. The distance moved by the skater of mass 200 kg is 
(A) 3.0 m ( B ) 4 . 0 m ( C ) 5 . 0 m ( D ) 6 . 0 m 

Q.5 A small rocket propelled vehicle of mass m travels down the smooth circular 
path of effective radius r under the action of its ownweight and a constant thrust 
T from its rocket motor. Find the tangential acceleration of m as function of 
angle 9. If the vehicle starts from rest at A, determine its speed v when it reaches 
B and the magnitude N of the force exerted by the path on the wheels jut prior 
to reaching B and just after crossing B. Neglect any loss of mass of rocket. 

Q.6 A simple pendulum consists of a bob of mass m and a string oflength R P R 

suspended from a peg P, on the wall. A second peg P2 is fixed vertically • 
below the first one at a distance 3 R / 7 from it. The pendulum is drawn J3R/7 

aside such that the string is horizontal and released. Calculate the | 
maximum height (with respect to the lowest point) to which i I ri ses. p? " 

Q. 7 If peg P2 is fixed to the wall at a distance x < R from P, making an angle Q with the p — — • m 
initial horizontal position of the pendulum, what should be the minimum value 
o f 9 for which the mass m will make a complete circle about P2. p2 



3-8. Consider a uniform spring of mass M, unstretched length L, and spring constant k. It's one end is fixed 
and other end moving with speed v. Calculate the kinetic energy ofthe spring in terms of M and v. 

3-9 Ifpmin is radius of curvature of trajectory of a projectile at highest point A 
find the radius of curvature p of the trajectory at B where it forms 
a angle with horizontal. 

Q. 10 Two particles A & B are projected tangentially from lowest point inside a 
smooth vertical circular track of radius 5 m with velocity v = 10 V5 m/s in 
opposite directions. Find the coordinates of the point where A & B collide 
with respect to initial point of proj ection. 
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Q. 1 A pendulum consists of a wooden bob of mass m and length L. Abullet of mass m, is fired towards the 

pendulum with speed Vj. The bullet comes out ofthe bob with speed Vj/3, the pendulum just completes 
motion along vertical circle. The velocity Vj is 

3 m 
(A) ( B ) 

3 m r-— 
( c > 2 - V i < 

3 m 
(D 

Q.2 Arock explodes breaking into three pieces. Two pieces fly off perpendicular to one another. Onepiece 
of mass 1 kg has velocity 12 m/s and the second of mass 2 kg has velocity 8 m/s. If the third mass flies 
off at a velocity of 40 m/s. What is its mass 
(A) 2 k g ( B ) l k g (C) 1/2kg ( D ) 3 k g . 

Q. 3 A particle of mass m = 0.1 kg is released from rest from a point A of a 
wedge of mass M = 2.4 kg free to slide on a frictionless horizontal 
plane. The particle slides down the smooth face AB of the wedge. When 
the velocity of the wedge is 0.2 m/s the velocity of the particle in m/s 
relative to the wedge is 
(A) 4.8 (B) 5 (C) 7.5 (D) 10 

\ m 

V 
V * M 60°\B 

Q.4 A ball of mass 1 kg strikes a heavy platform, elastically, moving upwards with a 
velocity of 5m/s. The speed o f t h e ball just before the collision is lOm/s 
downwards. Then the impulse imparted by the platform on the ball is 
(A) 1 5 N - s (B) 1 0 N - s (C) 2 0 N - s ( D ) . 3 0 N - s 

O i 
5m/s 
t 

Q.5 Two blocks A(3 kg) and B(2 kg ) resting on a smooth horizontal surface is connected by a spring of 
stiffness 480N/m. Initially the spring is undeformed and a velocity of 2 m/s is imparted to A along the line 
ofthe spring away from B. The maximum extension in meters of the spring during subsequent motion is 

1 1 1 
(A) 10 (B) 2VT0 (C) 2Vl5 

(D) 0.15 

Q. 6 Two particles, each of mass m, are connected by a light inextensible string of length 21. Initially they lie 
on a smooth horizontal table at points A and B distant / apart. The particle at A is projected across the 
table with velocity u. Find the speed with which the second particle begins to move if the direction of u 
is, (a) along BA, (b) at an angle of 120° with AB, (c) perpendicular to AB. In each case calculate 
(in terms of m and it) the impulsive tension in the string. 

Q.7 A bullet of mass m moving with a velocity u strikes a block of mass M, which is free to move in the 
direction of motion of bullet, and is embedded in it. If the bullet is embedded into the block, by a distance 
b meters & the resistance of the block to the bullet is assumed to be uniform, find: 

(a) ratio of final & initial kinetic energy of the system. 
(b) time of penetration. 
(c) distance moved by the block during the time of penetration. 



Q. 8 ' n' elastic ball are placed at rest on a smooth horizontal plane which is 
circular at the end with radius R as shown in the figure. The masses of 

m m m 
the ball are m, —, > ^ n T respectively. Find the minimum 

velocity which should be imparted to the first ball m such that the n111 ball 
will complete the vertical circle. 'M/M/^/Z/IJ/Z/MtT, 

Q.9 In a circus act, a 4kg dog is trained to jump from B cart to A and then immediately 
back to the B cart. The carts each have a mass of 20kg and they are initially at 
rest. In both cases the dog jumps at 6m/s relative to the cart. If the cart moves 
along the same line with negligible friction calculate the final velocity of each cart 
with respect to the floor. 

Q. 10 Two bodies A & B of masses m & 2m respectively are placed on a 
smooth floor. They are connected by a spring. A third body C of mass 
m moves with velocity Vq along AB and collides elastically with A. After 
collision at the instant of maximum compression of Xq, find common 
velocity and spring constant. | m | | m [«ro|2m| 
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Q. 1 Two ball of same mass are dropped from the same height onto the floor. The first ball bounces upwards 

from the floor elastically. The second ball sticks to the floor. The first applies an impulse to the floor of I j 
and the second applies an impulse I2. The impulses obey 
(A) 1^21, (B)I2=I,/2 (C) I2=4I, (D)I2=I,/4 

Q. 2 Two bodies of mass 1 kg and 2 kg move towards each other in mutually perpendicular direction with the 
velocities 3 m/s and 2 m/s respectively. If the bodies stick together after collision theheat liberated will be 
(A) 13 J (B) 13/3 J (C) 8J (D)7J . 

A bead can slide on a smooth straight wire and a particle of mass m attached to 
the bead by a light string oflength L. The particle is held in contact with the wire 2m 
and with the string taut and is then let fall. If the bead has mass 2m then when the | Q 
string makes an angle 9 with the wire, the bead will have slipped a distance 
(A)L(l-cos9) (B) (L/2)(l-cos9) (C)(L/3)(l-cos9) (D) (L/6)(l -cos9) . 

Q.4 A man of 80 kg attempts to jump from the small boat of mass 40 kg on to the shore. He can generate a 
relative velocity of 6 m/s between him and boat. His velocity towards shore is 
(A) 4 m/s (B) 8 m/s (C)2m/s (D)3m/s. 

Q. 5 From the circular disc of radius 4R two small disc of radius R are cut off. The centre of mass ofthe new 
structure will be : 

r r r r 
. W - i j + j , 

r r -3r ? 3r * 

Q. 6 Two blocks A and B of equal mass are connected by a spring of force constant 
10 Nur1 and separated by a distance 1 m. A constant force 5 N is acting on 
block A. Find the maximum separartion during the motion. nrUftftMr^X]-^ 
(Neglect the frictional force between the block and surface). iimii'iiiiiiiinniliii'ii 

Q. 7 Two block of mass M and 3 M are connected by a light cord which passes over a 
light frictionless pulley as shown in the figure. The blocks are released from rest and 
are at the same height at t = 0. Find the acceleration ofthe centre of mass. r , , 

[3M| [M] 

Q. 8 A body of mass 8kg is travelling at 2m/s under the influence of no external agency. At a certain instant an 
internal explosion occurs, splitting the body into two pierces each of mass 4kg. 16 J of KE is imparted to 
the two pieces by the explosion. They continue to move along their initial line of motion after explosion. 
Determine their speed and direction of motion of each piece after the explosion. 



Q.9 A smooth sphere A of mass 0.1 kg is moving with speed 5m/s when it collides head on with another 
smooth stationary sphere of same radius. If A is brought to rest by the impact and e = V2, find the mass 
of B, its speed just after impact and magnitude of impulse during collision. 

Q. 10 A plate in the form of a semicircle of radius a has a mass per unit area of kr where k is a constant and r 
is the distance from the centre of the straight edge. By dividing the plate into semicircular rings find the 
distance of the centre of mass of the plate from the centre of its straight edge. 
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Q.l A ball is thrown downwards with initial speed=6 m/s, from a point at height=3.2m above a horizontal 

floor. If the ball rebounds back to the same height then coefficient of restitution equals to 
(A) 1/2 (B)0.75 (C) 0.8 (D)None 

Q. 2 Two particles A and B each of mass m are attached by a light inextensible string of length 
21. The whole system lies on a smooth horizontal table with B initially at a distance I from 
A. The particle at end B is projected across the table with speed u perpendicular 
to AB. Velocity of ball Ajust after the jurk, is 

(A) ^ (B) UA/J (C) 
uV3 

(D) 

Q. 3 The inclined surfaces of two movable wedges of same mass M are smoothly conjugated with the horizontal 
plane as shown in figure. A washer of mass m slides down the left wedge from a height /?. To what 
maximum height will tiie washer rise along the right wedge? Neglect friction. 

(A) 

(C) 

' h hM 
(M + m) (B) 

< M 
M + m 

(D) hj 

(M + m)' 

M 
M + m 

Q.4 In the figure (i), (ii) & (iii) shown the objects A, B & C are of 
same mass. String, spring & pulley are massless. C strikes B 
with velocity 'u' in each case and sticks to it. The ratio of velocity 
of B in case (i) to (ii) to (iii) is 
(A) 1:1:1 (B) 3 : 3 : 2 
(C) 3 : 2 : 2 (D) none of these 

Q. 5 A particle of mass m and momentum P moves an a smooth horizontal table and collides directly and 
perfectly elastically with a similar particle (of mass m) having momentum - 2P • The loss (-) or gain (+) 
in the kinetic energy of the first particle in the collision is 

3p2 

(B) 4m (C) 2m 
(D) zero 

Q.6 A sphere Ais released from rest in the position shown and strikes the 
block B which is at rest. If e = 0.75 between A and B and = 0.5 
between B and the support, determine 

(a) the velocity of Ajust after the impact 
(b) the maximum displacement ofB after the impact. 

i:2kg 90° 



Q.7 In the figure shown, the left block of mass 1 kg is struck sharply with an impulse 
J, horizontal to the right. The spring of stiffness 200 N/m was initially in its natural 
state. The floor has friction coefficient |a= 1/4 and the mass of the right block is i — 
2 kg. Find the minimum value o f ' J ' i f the heavier block is to move at all. rtwmtvmwi 

Q. 8 A block of mass m is proj ected with velocity v as shown. The ground is smooth but there is friction 
between AandB. If collision is elastic a 

(a) Find the final common velocity of A & B . I—X |——LULl^ 
(b) Find total energy dissipated in friction. I m r I — 

Assume that Adoes not fall off B. 

Q. 9 A billiard ball, 200 g moving with a velocity of 2 m/s collides head on with another identical ball at rest. 
The collision is inelastic with a coefficient of resistitution 0.5. Calculate the loss in energy. 

Q. 10 Two masses A & B each of 5 kg are suspended by a light inextensible string passing T ^ T 
over a smooth massless pulley such that mass A rest on smooth table & Bis held at t w f 
the position shown. Mass B is now gently lifted up to the pulley and allowed to fall 
from rest. Determine up to what height will A rise for the ensuing motion. 

R 

lm 
S I 
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This is the test paper ofClass-XI (J-Batch) held on 28-08-2005. 

Q. 1 The velocity of a particle moving along the x-axis is 
shown. If the particle is located at x = 3.5 m at t = 0, 
what is the value of x for the particle at t = 3.0 s? 

Q.2 Abus moves away fromrest at abus stop with an acceleration of 1 ms 2. As the bus starts to move a 
man who is 4 m behind the stop runs with a constant speed after the bus. If he just manages to catch the 
bus find his speed. 

Q.3 I f a = 12 m, b = 16 m, a = 30°, p - 145°, and 5 = 5 - b , determine | c | 

Q.4 

Q.5 

Q.6 

(a) 
(b) 

Q.7 

(a) 

Two particles are projected simultaneously at angles 60° and 30° with the 
horizontal, from the same point and with the same initial speed. Find the angle 
after time t which the line joining the particle makes with the vertical. 

If acceleration of wedge = 5 m/s2 to the right. Find the magnitude of 
acceleration ofthe block B. The string is inextensible 

A uniform string of length 10 m and mass 20 kg lies on a smooth 
frictionless inclined plane. A force of200 N is applied as shown in the 
figure. 
Find the acceleration of the string. 
Find the tension in the string at 2m from end A 

Apolice officer sits on aparked motorcycle. A car travelling at a constant speed o fv 0 = 40.0 m/s passes 
by at t =0. At that instant, the officer accelerates the motorcycle at a constant rate, and at time 
tj = 20.0s overtakes the speeder. 

(i) Find the acceleration of the motorcycle. 
(ii) Find the speed of the motorcycle at the instant it overtakes the car. 

(b) In the same graph, sketch the position-time graph of the car and that ofthe motorcycle. Label clearly. 

Q.8 TwoportsAandBareseparatedbyariverofwidthD. Water in the river flows 
with speed Vw. Aboat crosses the river from port Ato port B. The speed 

ofthe boat relative to water is VB. Given Vw = V3VB 

(a) Find the angle "9" withAB in which the boat should start relative to water so that it mdVes along AB. 
(b) Find the time taken by the boat to reach the port B in terms of D and VB. 



Q. 9 Given the setup shown in figure. Aprojectile is launched with initial speed v0 = 50 m/s at a given angle 
a = 53° above the horizontal. At a horizontal distance d = 30m from the launch point stands an observer. 
(Neglect the height of observer) 

(a) Find the height at which the proj ectile passes directly overhead of the ob server. 
(b) Give the components ofthe projectile's velocity 

(i) at the highest point of its trajectory 
(ii) at the instant it is directly above the observer. 
Suppose that at the instant the projectile is launched, the observer also 
launches as "interceptor" vertically upward. With what initial speed must 
the interceptor be launched such that it hits the projectile? 

(c) 1 

Q. 10 An obj ect starts at rest at the origin at t=0 and accelerates according to the graph shown. The motion 
is one-dimensional. a* 

(a) Sketch a graph of velocity versus time. Show and clearly label all values a0-
(b) At what time (expressed in terms of t0) does the object return to the 

origin? 
-ao-

Q.ll The system is in equilibrium 
(a) Draw FBD of 10 kg block. 
(b) Draw FBD of 5 kg wedge. 
(c) Find "F" so that the system is in equilibrium 

Neglect friction 

to 4 3t0 

5kg 

Q.12 (a) Draw the FBD of 20 kg block. 
(b) Draw the FBD of 6 kg block. 
(c) Find the acceleration of the masses 
Neglect friction, masses of pulleys and strings. Strings 
areinextensible 

Q. 13 Rain drops are falling vertically w.r.t. ground. To a man running at 8 km/hr, rain drops appear to him 
coming at a speed of 10 km/hr. ' 

(a) Find the speed of rain w.r.t. ground. 
(b) Find the speed with which he should run so that the rain drops appear to him coming at an angle of 45° 

with vertical. 

Q. 14 A man is riding a flatcar travelling with constant speed of 4 m/s. There is a 
stationary ring above the line of motion of the car. Height of the ring above 
man's hand is 7.2 m. He wishes to throw a ball through the ring in such a 
manner that the ball passes through the ring moving horizontally. He throws JJJ™ v=4m/s 
the ball with a speed of 20 m/s with respect to himself (car). , IV » 

(a) What must be the vertical component ofthe initial velocity ofthe ball? <30 if- 0 0 (30 
(b) How many seconds after he releases the ball will it pass through the ring? 
(c) When the ball leaves the man's hand, what is the direction of its velocity relative to the frame ofreference 

ofthe flatcar? 
(d) At what horizontal distance in front ofthe ring must he release the ball? 
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Q.l 

Q.2 

Q.3 

Q.4 

A stone of mass 1 kg tied to a light inextensible string of length L = 10/3 m is whirling in a circular path of 
radius L in a vertical plane. If the ratio ofthe maximum tension in the string to the minimum tension in the 
string is 4 and if g is taken to be 10 m/seG2, the speed of the stone at the highest point of the circle is: 

(A) 20 m/sec (B) 10 S m/s (C) 5 ^ 2 m/sec (D) 10 m/sec. 

Tangential acceleration of a particle starting from rest and moving in a circle of radius 1 metre varies with 
time as in graph. Time after which total acceleration of particle makes an angle of 30° with radial 
acceleration is: 

(A) 4 sec (B) 4/3 sec ^ 

(C) 2 2 ' 3 sec (D) V ^ s e c 

Two blocks of masses 20 kg and 50 kg are lying on a horizontal floor (coefficient 
of friction jo. = 0.5). Initially string is just taut andblocks are at rest. Now two 
forces 235-N and 150N is applied on two blocks as shown in figure. What is 150N 

acceleration of 20 kg block (g = 10 m/s2) uUuw\uuuftuu< 
(A) 0.5 m/s2 (B) zero (C)2 .5m/s 2 (D) cannot be determined 

A ball is dropped on to a fixed horizontal surface from a height h, the coefficient of restitution is e. 
The average speed of the ball from the instant it is dropped till it goes to maximum height after first 
impact with ground 

60° 
t (in sec) 

20kg 50kg 

(A) 
(1 + e )^2gh 

(B) 
(1 + e 2 ) 

(C) 
( l - e 2 X / 2 g h 

(D) 
( l - e ) V 2 g h 

Q.5 

Q.6 

Q 7 

Q.8 

Q.9 

Q.10 

(1 - e) (1 + e) V 2 (1 + e)2 (1 + e) 

The masses of five balls at rest in a straight line form a geometrical progression whose ratio is 2. The 
coefficients of restitution are each 2/3. If the first ball be started towards the second with a velocity u, 
find the velocity communicated to the fifth ball. 

A quarter-circular tracks of radius R is carved in a block so that the mass of the 
remaining solid is 4m. A tiny disc of m a s s ' m ' is released from the top of the 
track, as shown in the figure above, so that it slides down the track. Find the 
velocity of the disc with respect to Earth when it leaves the track. Also find 
the recoil velocity of the track. All surfaces are frictionless. 

A particle travelling horizontally strikes a smooth fixed spherical surface as shown. 
If coefficient of restitution is e = 1/3, what should be angle 9 so that it rebounds 
vertically. 

A ball of mass 1 kg moving with 5 m/s strikes a massive wall moving with velocity of 5 m/s. The ball is 
approaching the wall & coefficient ofrestitution between them is e = 1/2. Find the impulse exerted by the 
wall on the ball during collision. 

A sphere, of mass m, impinges obliquely on a sphere, of mass M, which is at rest. Show that, if 
m = e M , the directions of motion of the spheres after impact are at right angles. 

In a carrom board play Queen at G is to be shot after rebound from edge AB 
into hole D. Find the distance x from centre of edge AB at which it should 
strike if coefficient of restitution is 0.5. 

c 

/ / / / \ / V 
"372" 
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Q.l 

Q.2 

Q.3 

Q.4 

Q.5 

Q.6 

(a) 
(b) 

Q 7 

Q.8 

Q.9 

Q.1'0 

A ball is thrown vertically downwards with velocity ^2gh from a height h. After colliding with the 
ground it just reaches the starting point. Coefficient of restitution is 
(A) l/V2 (B) 1/2 (C) 1 (D) V2 

A ball falls vertically for 2 seconds and hits a plane inclined at 30° to horizon. If the coefficient of 
restitution is 3/4, find the time that elapses before it again hits the plane. 
(A) 3 seconds (B) 2 seconds (C) 5 seconds (D) 4 seconds 
A simple pendulum has a string oflength / and bob of mass m. When the bob is at its lowest position, it 
is given the minimum horizontal speed necessary for it to move in a circular path about the point of 
suspension. When the string is horizontal the net force on the bob is 
(A)mg (B) 3mg (C) VlOmg (D)4mg 

A smooth semicircular tube AB of radius r is fixed in a vertical plane and 
contains a heavy flexible chain oflength % r and weight WTC r as 
shown. Assuming a slight disturbance to start the chain in motion, the 
velocity v with which it will emerge from the open end B of the tube is 

(A) 
4gr 

A small ball thrown at an initial velocity v0 at an angle a to the horizontal strikes a vertical massive smooth wall 
moving towards it at a horizontal velocity v and is bounced elastically to the point from which it was thrown. 
Determine the time t from the beginning of motion to the moment of impact, neglecting friction losses. 
Two particle P of mass 2m and Q of mass m are subjected to mutual force of attraction and no other acts 
on them. At time t = 0, P is at rest at a fixed 0. and Q is directly moving away from O with a speed 5 u. At 
a later instant when t = T before any collision has taken place Q is moving towards O with speed u. 
Find in terms of m and u the total work done by the forces of attraction during the time interval 0 < t < T. 
At the instant t = T, impulses of magnitude J and K are applied to P and Q bringing them to rest. Find the 
values of J and K. 

Two identical equilateral triangular wedges of mass M rest on a smooth 
horizontal surface. A smooth sphere of mass m moving vertically down 
with a velocity v0 strikes the wedges symmetrically. If the coefficient of 
restitution is e find the velocities ofthe sphere and that of the wedges 
just after collision. 
A pendulum of mass m & length 1 is released when it makes an angle of 60° with 
the vertical. It collides with a block of mass 3m, elastically, kept at the lowest 
position of its path. The block stops 1 second after the collision & coefficient of 
friction between the block & surface is 0.5. Find the length of the 
string & maximum angle which the bob makes with vertical after the collision. 
Aballofmass 1 kg moving withavelocityof5m/s strikes rough ground at an 
angle of3 0° with vertical as shown. The collision between the ball & ground 
is elastic. What can be the minimum friction coefficient between the 
ball & the ground if the ball rebounds in vertical direction after collision? iiiiiiiiiiiiliiiiiiuiiiiii 
A massive vertical wall is approaching a man at a speed u . When it is at a distance of 10 m, the man 
throws a ball with speed 10 m/s at an angle of 37° which after completely elastic rebound reaches back 
directly into his hands. Find the velocity u of the wall. 
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. , P P P Q F X H E W E E K : 
Q. 1 Aparticle is projected from ground towards a vertical wall 80m away at an angle of 37° with horizontal 

with initial velocity of 50m/s. After its collision with wall & then once with ground find at what distance 
from wall will it strike the ground again if coefficient of restitution for both collisions is equal to 1/2. 
(A) 70 m (B) 120 m (C)140m (D)none 

Q.2 A simple pendulum swings with angular amplitude 0. The tension in the string when it is vertical is twice 
the tension in its extreme position. Then, cos 0 is equal to 
(A) 1/3 (B) 1 /2 (C) 2 / 3 (D) 3 / 4 

Q. 3 A flexible chain of length 2m and mass 1kg initially held in vertical position such that its lower end just 
touches a horizontal surface, is released from rest at time t = 0. Assuming that any part of chain which 
strikes the plane immediately comes to rest and that the portion of chain lying on horizontal surface does 
not from any heap, the height of its centre of mass above surface at any instant t = \ /4s (before it 
completely comes to rest) is 
(A) 1 m (B) 0.5 m (C)1.5m (D) 0.25 m 

Q.4 A ball impinges on another equal ball moving with same speed in a direction 
perpendicular to its own, the line j oining the centres of the balls at the instant of « / , V j 
impact being perpendicular to the direction of motion ofthe second ball; if e be \ 
the coefficient of restitution, show that the direction of motion of the second ball 
is turned through an angle tan-1 

Q.5 Apanofmass 2 kg is resting in equilibrium on a spring ofstiffiiess 200 N/m, as shown. 
A 0.5 kg lump of clay is released 5 m above the pan so that it hits the pan with some 
velocity and slicks to it. What will be the maximum downward descent of the pan 
from its initial position? 

Q.6 A ball is thrown on to a rough floor at an angle of a = 45°. If it rebounds at the same angle 
P = 45°, determine the coefficient of kinetic friction between the floor and the ball. The coefficient of 
restitution is e = 0.6. 

Q. 7 The simple pendulum A of mass mA and length I is suspended from the trolley B 
of mass mB. If the system is released from rest at 0 = 0, determine the velocity 
vB of the trolley and tension in the string when 0 = 90°. Friction is 

Q. 8 Two smooth sphere made of identical material having masses m and 2m 
with an an oblique impact as shown in fig. The initial velocities of the masses 
are also shown. The impact force is along the line joining their centres. The 
coefficient of restitution is 5/9. Calculate the vleocities ofthe masses after • y ^ 
the impact and the loss in kinetic energy. v"5m's 

Q. 9 A particle is projected from point O on level ground towards a smooth vertical wall 50m from O and hits 
the wall. The initial velocity of the particle is 30m/s at 45° to the horizontal and the coefficient ofrestitution 
between the particle and the wall is e. Find the distance from O of the point at which the particle hits the 
ground again if (a) e = 0, (b) e = 1, (c) e ='/2 

Q. 10 A ball is thrown horizontally from a cliff 10 m high with a velocity of 
10 m/s. It strikes the smooth ground and rebounds as shown. The 
coefficient of restitution e for collision with the ground e= 1/V2 . Find 

(a) velocity ofballjust before striking ground. j" 
(b) angle ofvelocity vector with horizontal before striking. I 
(c) angle ofvelocity vector with horizontal after striking. 
(d) range of ball after first collision. 

I 
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Q.i 

Q.2 

Q.3 

Q.4 

A slender rod of mass M and length L is hinged about an end to swing freely in a vertical plane. However, 
its density is nonuniform and varies linearly from hinged end to the free end, doubling its value. The 
moment of inertia of the rod, about the rotation axis passing through the hinge point is: 

(A) 
2 M L 

(B) 
3 M L 

(C) 
7 M L 2 

(D) None 
9 v ' 16 18 

AB and CD are two identical rods each oflength L and mass M joined 
to form a cross. Find the M.I. of the system about a bisector of the 
angle between the rods (XY) 

( A ) — ( B ) ^ ( C ) M ^ 
W 12 W 6 w 3 3 

The figure shows a uniform rod lying along the x-axis. The locus of all the points 
lying on the xy-plane, about which the moment of inertia of the rod is same as 
that about O is 
(A) an ellipse (B) a circle (C) a parabola (D) a straight line 

The moment of inertia of a thin sheet of mass M of the given shape 
about the specified axis is 

x \ 
\ 

C 

\ B 

\ \ 
D \ 

Y' 

(A) — Ma2 (B) ^ Ma2 (C) ~ Ma2 (D) Ma2 

Q.5 

Q.6 

Q-7 

Q.8 

Q.9 

Three identical rods, each oflength I, are joined to form a rigid equilateral triangle. Its radius of gyration 
about an axis passing through a corner and perpendicular to the, plane of the triangle is . 

Three identical rods are joined together to form an equilateral triangular A 

frame. Three axes AA', BB' and C C lie in the plane of the frame as 
shown in the figure. B 

(i) The moment of inertia is least about the axis . 
(ii) The moment of inertia is maximum about the axis . 

Find the MI of a rod about an axis through its centre of mass and perpendicular to the length whose 
linear density varies as A,=ax where a is a constant and x is the position of an element of the rod relative 
to its left end. The length of the rod is I 

A hole of radius R/2 is cut from a solid sphere of radius R. If the mass of the 
remaining plate is M , then moment of inertia of the body about an axis 
through O perpendicular to plane is . 

Four identical rods, each of mass m and length I, are joined to form arigid square frame. Thelrame lies in 
the xy plane, with its centre at the origin and the sides parallel to the x and y axes. Its moment of inertia about 
(i) the x axis, (ii) the z axes, (iii) an axis parallel to the z-axes and passing through a corner, (iv) one side 

Q. 10 Find the moment of inertia ofthin semicircular wire ofmass m about O as shown 
below. Mass of wire = m. The axis of rotation is perpendicular to the plane of 
the wire. 
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Q. 1 A cone of radius r and height h rests on a rough horizontal surface, the coefficient of friction between the 

cone and the surface being A gradually increasing horizontal force F is applied to the vertex ofthe 
cone. The largest value of JI for which the cone will slide before it topples is 

Q. 2 Four point masses are fastened to the corners of a frame of negligible f y~axis 

mass lying in the xy plane. Let w be the angular speed of rotation. Then 
(A) rotational kinetic energy associated with a given angular speed 
depends on the axis of rotation. 
(B) rotational kinetic energy about y-axis is independent of m and its 
value is MaW, 
(C) rotational kinetic energy about z-axis depends on m and its value is (Ma2 + mb2)©2. 
(D) rotational kinetic energy about z-axis is independent of m and its value is Mb2co2. 

Q. 3 A rod is placed on a horizontal floor and imparted an angular velocity about a vertical axis passing 
through its mid-point. The mass of the rod is M, length L and friction coefficient with the surface is \x. 
Then, the total retarding torque of friction forces, assuming that the normal reaction is placed uniformly 
over the length of the rod, is 
(A) jamgL (B) pmgL / 2 (C)pimgL/4 (D)|imgL/8 

Q.4 For the pivoted slender rod oflength I as shown in figure, the angular velocity as the bar reaches the 
vertical position after being released in the horizontal position is 

(B) 

Q. 5 A thin rod free to rotate about a horizontal axis through one end O is initially in 
unstable equilibrium position 1 and falls due to gravity on being displaced 
infinitesimally. In positions 2,3 and 4 it makes 60°, 90° and 180° with the upward 
vertical. Let co2, co3, and co4 be angular velocities of the rod in theses positions then 
(A) CO4=2©3 (B)CO4=2CO2 (C) «>3=1.5©7 (D) G>3=cd2V2 

Q. 6 An elastic string of natural length 3 lQ is cut into two parts so that their natural 
lengths are 21 0 and lQ respectively. They are attached to points P and Q the vertical 
distance between P and Q being lQ and the horizontal distance being 12cm. A T/0 
uniform rod CD=40cm is in equilibrium supported by the string at A and B. If the p j1 

rod CD is horizontal then the lengths of the parts C A and BD in cms are q c 
(A) 12,16 (B) 14,14 (C) 16,12 (D) 10,18 

3D 



Q. 7 A uniform rod of length 2a can turn freely about a horizontal axis passing through 
one end. What angular velocity must be imparted to it so that it may make a 
complete revolution in the vertical plane. 

Q. 8 Four uniform rods of equal length / and mass m are rigidly j oined together at 
their ends to form a square framework ABCD. The framework is free to rotate 
in a vertical plane about a fixed smooth horizontal axis passing through A. The 
framework is slightly diaplced from its position of unstable equilibrium. Find the 
maximum angular velocity reached in subsequent motion. 

Q. 9 A solid cylinder of mass M = 1 kg & radius R=0.5 m is pivoted at its centre & has 
three particles of mass m = 0.1 kg mounted at its perimeter as shown in the figure. 
The system is originally at rest. Find the angular speed of the cylinder, when it has 
swung through 90° in anticlockwise direction. 

Q. 10 A block of dimensions a x a x 2a is kept on an inclined plane of inclination 37°. The longer side is 
perpendicular to the plane. The coefficient of friction between the block and the plane is 0.8. Find 
whether the block will topple or not. 

I 
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Q.l A body is in equilibrium under the influence of a number of forces. Each force has a different line of 

action. The minimum number of forces required is 
(A) 2, if their lines of action pass through the centre of mass of the body. 
(B) 3, if their lines of action are not parallel. 
(C) 3, if their lines of action are parallel. 
(D) 4, if their lines of action are parallel and all the forces have the same magnitude. 

Q.2 A uniform cylinder of mass m can rotate freely about its own axis which is horizontal. A particle of mass 
mo hangs from the end of a light string wound round the cylinder which does not slip over it. When the 
system is allowed to move, the acceleration of the descending mass will be 

2m0g mog 2m0g mog 
^ m + 2m0 m + mo ^ m + mo ^ 2m + mo 

Q. 3 A uniform rod of length I, hinged at the lower end is free to rotate in the vertical plane. If the rod is held 
vertically in the beginning and then released, the angular acceleration of the rod when it makes an angle 
of 45° with the horizontal (I = mP/3) 

3g 6g . ^ V 2g 
{k)i4Ti WTTi w f 

Q.4 A thin rod of linear mass density X at right angle at its mid point (C) and fixed to points A 
andB such that it can rotate about an axis passes through AB. The moment of inertia about 
an axis passing through AB is 

(A) 
XI5 

4V3 
XI3 

(D) V2 

Q. 5 Two persons of equal height are carrying a long uniform wooden beam of length /. 
They are at distance 1/4 and 1/6 from nearest end of the rod. The ratio of normal 
reaction at their heads is 
(A)2 : 3 (B) 1 : 3 ( C ) 4 : 3 (D) 1 : 2 

Q.6 A uniform cube of side a & mass m rests on a rough horizontal table. Ahorizontal 
force F is applied normal to one of the faces at a point that is directly above the centre 
of the face, at a height 3 a/4 above the base. Find the minimum value of F for which 
the cube begins to tip about an edge, (assume that cube does not slide). 

Q. 7 A uniform meter scale balances at the 40-cm mark when weights of 1 Og and 20g are suspended from the 
10-cm and 20-cm marks. The weight of the meter scale is . 



Q. 8 A spherical ball of mass m = 5.0 kg is resting on a plane with angle of 
inclination 30° with respect to horizontal as shown in the figure. The bal 
is held in place by a rope attached horizontally to the top of the ball and 
to the slope. Frictional; force acting on the ball is . 

Q. 9 In the figure shown on the right, the rod is uniform and has a mass m, length L. 
Find the minimum value of friction coefficient between the lower end of rod and 
the vertical wall for the rod to be in equilibrium. The horizontal thread is connected 
to the rod at a point L/3 from lower end and angle between rod and wall is 60° 

Q. 10 In figure the uniform gate weighs 300N and is 3m wide and 2m high. It is 
supported by a hinge at the bottom left corner and a horizontal cable at the top 
left corner, as shown. Find, (a) the tension in the cable and (b) the force that the 
hinge exerts on the gate (magnitude and direction) 

c a b l e 
/ 3m 

^ h i n g e 
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Q.l A smooth rod of length I is kept inside a trolley at an angle 0 as shown in the 

figure. What should be the acceleration a of the trolley so that the rod remains in 
equilibrium with respect to it? 
(A)gtan0 (B) g cos0 (C)gsin0 (D)gcot0 

iih)iiiiu£t?niniu 

Q.2 A uniform ladder of length 5m is placed against the wall as shown in the figure. If 
coefficient of fiiction (i, is the same for both the walls, what is the minimum value of 
(i for it not to slip? 

(C)H= \ 

Q. 3 Find minimum height of obstacle so that the sphere can stay in equilibrium. 
R _ R 

( A ) l + cos0 
(C)R(l-sin0) 

( B ) l + sin6 
(D)R(l -cos0) 

Q.4 The two spheres each have a mass of 3 kg and are attached to the rod of negligible mass. A torque 
M = 8t Nm, where t is in seconds is applied to the rod.Find the value of time when each sphere attains 
a speed of 3 m/s starting from rest. im im 

(A) 42 sec (B) I.5V2 sec 

(C) 2v2 sec (D) 3V2 sec 

Q. 5 The moment of inertia ofthe pulley system as shown in the figure is 4 kgm2. The 
radii of bigger and smaller pulleys 2m and lm repsectively. The angular 
acceleration of the pulley system is 
(A) 2.1 rad/s2 ' (B)4.2rad/s2 

(C) 1.2 rad/s2 (D) 0.6 rad/s2 

Q.6 A box of dimensions 1,5m x 0.75m x 0.75m and mass 250kg rests on a truck 
with the smaller face down. 

(i) Assuming that the fiiction is strong enough so that the box does not slip, what 
is the maximum acceleration the truck can have with out the box tipping over. u\W\u\uWun\ 

(ii) If the acceleration of the truck is gradually increased what is the minimum value of fiiction coefficient for 
which the box tips before it slides. 

Q. 7 A solid homogeneous cylinder of height h and base radius r is kept vertically on a conveyer belt moving 
horizontally with an increasing velocity v=a+bt2. If the cylinder is not allowed to slip find the time when 
the cylinder is about to topple. 



Q,8 In the figure A & B are two blocks of mass 4 kg & 2 kg respectively 
attached to the two ends of a light string passing over a disc C of mass 
40 kg and radius 0 .1m. The disc is free to rotate about a fixed horizontal 
axes, coinciding with its own axis. The system is released from rest and 
the string does not slip over the disc. Find: 
(i) the linear acceleration of mass B . I 
(ii)the number of revolutions made by the disc at the end of lOsec. from the start. 
(iii)the tension in the string segment supporting the block A. 

Q. 9 A mass m is attached to a pulley through a cord as shown in the fig. The pulley is a solid disk 
with radius R. The cord does not slip on the disk. The mass is released from rest at a height 
h from the ground and at the instant the mass reaches the ground, the disk is rotating with 
angular velocity ©. Find the mass of the disk. 

Q 
Q. 10 Two identical uniform spheres are placed inside a smooth cylinder of inner radius 

R as in figure. The radius r of each sphere is the same and is within the range 
(R/2)<r<R. All surfaces are smooth. Draw a free body diagram for the bottom 
sphere indicating the magnitude of each force in terms ofthe weight W of each 
sphere and the radii r and R. S i 
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Q.l 

Q.2 

Q.3 

Q.4 

Q.5 

Q.6 

Q.7 

(a) 
Q.8 

© 
(ii) 

Q.9 

Q.10 

An inverted "V" is made up oftwo uniform boards each weighing 200 N. Each side has the 
same length and makes an angle 30° with the vertical as shown in figure. The magnitude ofthe 
static factional force that acts on each of the lower end of the V is 

100 _ 200 _ / / 
(A) N (B) 100V3 N (C) ^ N (D) 200 ^3 N ^ 

For a car taking a turn on a horizontal surface, let Nj and N2 be the normal reactions of the road on the 
inner and outer wheels respectively. 
(A) Nj is always greater than N2 

(B) N2 is always greater thanNj. 
(C) Nj is always equal to N2. 
(D) Either (A) or (B) depending on the speed of the car and the radius of curvature ofthe road. 

A uniform cube of mass'm' and side 'a' is resting in equilibrium on a rough 45° inclined surface. The 
distance ofthe point of application of normal reaction measured from the lower edge ofthe cube is: 
(A) zero (B)a/3 (C) a /V2 (D)None 

A rectangular plate of mass 20kg is suspended from points A and B as jjm 
shown. If pin B is removed determine the initial angular acceleration (in 
rad/s2) of plate. (g= 10 m/s2) 
(A) 48 (B) 20 (C) 30 (D)24 

The moment of inertia of a body about a given axis is 1.2 kg. m2, initially the body is at rest. In order to 
produce a rotational kinetic energy of 1500 Joules, an angular acceleration of 25 radian/sec2 must be 
applied about that axis for a duration of: 
(A) 4 sec (B) 2 sec (C) 8 sec (D) 10 sec 
A thin uniform rigid rod oflength / is hinged at one end so that it can move in a vertical 
plane by rotating about a horizontal axis through upper end. The lower end is given a 
sharp blow and made to acquire a linear velocity v0. Find the maximum height to which 
the lower end can rise. 

n/4)L 

H 
m A uniform beam of length L and mass m is supported as shown. If the 

cable suddenly breaks, determine; 
the acceleration of end B. (b) the reaction at the pin support. 
A 0.6m radius drum carrying the load A is rigidly attached to a 0.9m radius pulley 
carrying the load B as shown. At the time t = 0, the load B moves with a velocity of 
2m/s (downward) and a constant acceleration of 3m/s2(downward). Over the time interval 
0 < t < 2s, determine 
the number of revolutions executed by the pulley, 
the displacement of the load A. 
A uniform rod of mass m, hinged at its upper end, is released from rest from a horizontal position, w nen 
it passes through the vertical position, the force on the hinge is_ . If it is released from rest at an 
angle 30° with the horizontal force exerted by the rod on the hinge when it becomes horizontal 
is . 
Figure shows a vertical force F that is applied tangentially to a uniform cylinder 
ofweight W. The coefficient of static friction between the cylinder and all surfaces 
is 0.5. Find in terms of W. the maximum force that can be applied without 
causing the cylinder to rotate. 
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Q.l A rhombus ABCD is shown in the figure. The sides ofthe rhombus can rotate about A 

vertex A, B, C & D. The vertex C is moving with a velocity of 6 m/s in horizontal 
direction. Determine the velocity of vertex A. 

(A) 4.8 m/s (B) 4.5 m/s (C) 5 m/s (D) none of these 

Q.2 A sphere is placed rotating with its centre initially at rest in a corner as shown in figure (a) & (b). Coefficient 

of fiiction between all surfaces and the sphere is - . Find the ratio of the frictional force ^ by ground in 

37° 377n£M/S 

1 
' 3 

situations (a) & (b). 

(A)l ( B ) -

10 
(C) — (D) none 9 V- /"— (a) (b) 

Q. 3 A rigid body can be hinged about any point on the x-axis. When it is hinged such that the hinge is at x, the 
moment of inertia is given by 

I = 2x2 - 12x + 27 
The x-coordinate of centre of mass is 
(A) x = 2 (B) x -- 0 (C) x = 1 (D) x = 3 

Q.4 A uniform thin bar of mass 6m and length 21 is bent to make a regular hexagon. Its moment of inertia 
about an axis passing through the centre of mass and perpendicular to the plane of hexagon is : 

(A) | ml2 (B) 6ml2 (C)4ml2 (D) ^ m l 2 

Q. 5 A uniform rod of length L and weight W is suspended horizontally by two vertical ropes as shown. The 
first rope is attached to the left end ofthe rod while the second rope is attached a distance L/4 from the 
right end. The tension in the second rope is 

• m m m m 
W W W 2 W F 211/4., 

( A ) Y ( B ) T ( C ) Y ( D ) — T L I " ! 

Q. 6 ABC is a triangular frame of three uniform rods each of mass m and length 21. It is free to rotate in its own 
plane about a smooth horizontal axis through A which is perpendicular to ABC. If it is released from rest 
when AB is horizontal & C is above AB, find the maximum velocity of C in the subsequent motion. 

Q.7 Two separate cylinders of masses m(= lkg) and 4m and radii R(= 10cm) and 2R ^ ^ — s x 
rotating in clockwise direction with o)j=l OOrad/sec and co2=200rad/sec. Now they ' ^ 
are held in contact with each other as in fig. Determine their angular velocities after 
the slipping between the cylinders stops. &s 



Q.8 A uniform, thin rod oflength L and mass M is free to rotate on a frictionless 
hinge and is initially held at rest at an angle 0 with respect to the vertical 
as shown in the figure. The rod is then released. Find: 
the velocity of the centre of mass when the rod reached the vertical position, 
the force exerted by the hinge on the rod at the instant the rod reaches the vertical position, 

Q.9 

(i) © 

(iii) 

A uniform, thin, cylindrical beam oflength 3m and mass 10 kg is 
connected to the ground by a frictionless hinge as shown in the 
fig. The beam has a sphere of radius 20 cm and mass 2 kg attached 
to its end and is supported by a horizontal cable attached to the 
wall and to the midpoint of the beam. The beam is initially at rest 
at an angle of 53° with respect to the vertical. Find: 
the tension in the cable 
the initial angular acceleration of the beam with sphere attached to it just after the cable is cut 
the angular velocity of the beam when it reaches a horizontal position. 
(Take sin 37° = 0.6) 

Q. 10 A cube of mass M rests tilted against the wall as shown in the diagram. There is 
no friction between the wall and thecube, but the friction between the cube and 
floor is just sufficient to keep the cube from slipping. When 0 < 9 < 45°, find the 
minimum coefficient of friction as a function of 9. 

I 
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[23x3=69] 
Q. 1 A person initially at point P in the illustration stays there for some time and then moves along the axis to 

Q and stays there for some time. She then returns quickly to R, stays there for some time, and then strolls 
slowly back to P. Circle the position vs. time graph below that best represents this motion? 

Q R P 
0 1 2 3 4 5 position 

(arbitrary units) 

position 

(A) 

position position position 

T=/Sne (B) (C) CP) 

10 ms' 

O' 
l l m . 

10 m 

10 ms 

O' 

Q.2 Two particles are projected simultaneously from two points O and O' such that 
10 m is the horizontal and 5 m is the vertical distance between them as shown in 
the figure. They are projected at the same inclination 60° to the horizontal with 
the same velocity 10 ms~!. The time after which their separation becomes 
minimum is 
(A) 2.5 sec (B) 1 sec (C) 5 sec (D) 10 sec 

Question No. 3 to 12 

Apendulum bob has mass m. The length of pendulum is /. It is initially at rest. Aparticle Pof-^- moving 

horizontally along -ve x-direction with velocity -/2g7 collides with the bob and comestorest. When the 
bob comes to rest, another particle Q of mass nyrioving horizontally along y direction collides with the 
bob and sticks to it. It is observed that the bob now moves along a horizontal circle. There is horizontal 
floor 21 distance below the point of suspension of the pendulum. 

Q. 3 For the first collision which quantity is conserved: 

Q.7 

(A) Only mechanical energy 
(C) Both 

(B) Only momentum 
(D) None 

Q. 4 Tension in string immediately after the first collision 

(A) 2mg (B)mg ( Q ^ m g 

Q. 5 Tension in string just before the second collision 

(A)^mg 
mg 

< C > l l 

( D ) | m g 

V3 
( D ) — m g 

Q. 6 The height of the circular path above the floor is: 

(A) 
31 

( B ) f 
51 

<Q T 
(D) Data not sufficient 

Which of the following is a possible value of the speed of particle Q just before its collision with the bob: 

(Tig _ 
(C) J ~ (D) None 

3 / g 
( A ) V 4 



Time period of the circular motion: 

T ' f j f 7 f j f l [JT 
(A) 2 n j - (B)2 tc^— ( C ) 2 ^ — (P)2xy 4 g 

Q.9 Magnitude ofthe net force on the particle during its circular motion 

1 Ff ' 2 J l 8 
(A) —j- mg ( B ) — mg ( Q j m g (D)none 

Q. 10 Magnitude of average acceleration during half part Of its circular motion ^ 
Q.ll If the string breaks during the circular motion, the bob will hit the floor after a time: 

[51 [41 [47 
( A ) ^ (B) ^ (D) none 

Q. 12 Distance of the point where the particle hits the floor from the vertical line through the point of suspension. 

?' <c>JS ( A ) J f / ( B ) J f / ( C ) M * (D)none 

Question No. 13 to 17 
In the figure shown a long cart mo ves on a smooth horizontal surface due to an external constant force of 
magnitude F. Initial mass of the cart is M0 and velocity is zero. At t = 0 sand starts falling from a 
stationary hopper on to the cart with negligible velocity at constant rate p, kg/s and sticks to the cart. 
After time t0 the sand starts leaking from the bottom at the same constant rate |i kg/s. Eventually at time 
t = 2t0 the sands stops falling from the hopper on to the cart and force F also stops acting. 

Q.13 The velocity ofthe cart at time t(<t0) 
Ft Ft „t 

Ft Ft L0- I—*F 
M0+(atC M0 + ut 

Q. 14 In the same model of the above question if the cart is to be moved with constant velocity v, then th< 
power supplied by external agent applying that force is 

(A)2|iv (B) (tv (C) IIV2 (D) j nv2 

Q.15 In the above question the rate ofincrease ofthe kinetic energy ofthe cart (with sand) is 

(A) 2 (iv2 (B) (iv (C) (iv2 (D) | (iv2 

Q. 16 In the above model (for t0 < t < 2t0) what extra force is required to move the cart with the speed 
acquired at t0 

(A) (iv towards right (B)2(iv towards right (C)zero (D) |iv towards left 

Q. 17 In the above model at t = 3t0 the momentum of cart and remaining sand in the cart is 
Ftp 

M0+2(it0 
(B) 2Ft0 



Q. 18 Each of the three graphs represents acceleration versus time for an object that already has a positive 
velocity at time ti. Which graphs show an object whose speed is increasing for the entire tune interval 
between ti and til 

\ III 

(A) graph I, only 
(C) graphs I and in, only 

(B) graphs I and II, only 
(D) graphs I, II, and III 

Q. 19 A wheel comprises of a ring having mass 2m and two rods (mass m and 
length I) along two diameters as shown. Find moment of inertia of the wheel 
about an axis passing through point P and perpendicular to the plane of wheel. 

(A) f i n * (B)fm/2 (C) ~mP (D)none 

Q.20 

Q.21 

A square of side L/2 is removed from one corner of a square sandwich that has sides oflength L. The 
center of mass of the ramainder of the sandwich moves from C to C'. The displacement of the 
x-coordinate of the center of mass (from C to C) is 

( O ^ L 
a 

.f 
<A>T2L ® # L 

Two cars start at the same point, but travel in opposite directions on a circular path of radius R, each at 
speed v. While each car travels a distance less than (rc/2)R, (one quarter circle) the center of mass of the 
two cars 
(A) remains at the initial point 
(B) travels along a diameter of the circle at speed < v 
(C) travels along a diameter of the circle at speed = v 
(D) travels along a diameter of the circle at speed > v 

Q. 22 The graph shows position as a function of time for two trains 
running on parallel tracks. Which statement is true? 
(A) At time tB, both trains have the same velocity. 
(B) Both trains have the same velocity at some time after tB 

(C) Both trains have the same velocity at some time before tB. 
(D) Somewhere on the graph, both trains have the same acceleration. 

position 

time 

Q. 23 End A of a vertical uniform light rod, is attached to a frictionless pivot and a 
sphere ofmass 2M hangs at other end B. At some instant of time a strong wind 
begins to apply a constant horizontal force toB.Asa result, the dumbbell rotates 
about A in a vertical plane. The speed of B at the instant when the dumbbell is 
horizontal is 

O v ? 



Q.18 

t 
I 2 

II 

} 
1 2 

(A) graph I, only 
(C) graphs I and ffl, only 

Q.19 A 

Q.22 The graph shows 

(A) At time tB, bothl 
(B) Both trains have the samei 
(C) Both trains have the same velocity at some time before tB. 
•(D)! 

Q.23 End A of a vertical 

JSr? wJF 
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Q.l A straight rod AB of mass M and length L is placed on a frictionless horizontal surface. Aforce having 
constant magnitude F and a fixed direction starts acting at the end A. The rod is initially perpendicular to 
the force. The initial acceleration of end B is 
(A) zero (B)2F/M (C)4F/M (D)None 

Q. 2 Two identical disks are positioned on a vertical axis as shown in the figure. The bottom 
disk is rotating at angular velocity co0 and has rotational kinetic energy k0. The top disk is 
initially at rest. It is allowed to fall and sticks to the bottom disk. The change in the rotational 
kinetic energy of the system after the collision is 

Q. 3 Auniform circular disc can rotate freely about a rigid vertical axis through its centre O. Aman stands at 
rest at A on the edge due east of O. The mass of the disc is 22 times the mass of the man. The man starts 
walking anticlockwise. When he reaches the point A after completing one rotation relative to the disc he 
will be: 
(A) due east of O (B) 60° east of north 
(C) 60° east of south (D) 30° south of east: 

Q.4 Two insects P and Q are firmly sitting at the ends of a massless semicircular wire of radius R and two 
more insects Aand B are firmly sitting at the bottom of the wire. The wire is given an angular velocity ©0 

about a vertical axis through its centre as shown in the figure. Mass of each insect is M. Now A and B 
crawl to the opposite ends to meet P and Q. Final angular velocity attained by the rod is equal to 

p l C ^ «b/Q 
( A ) ^ (B) ^ ( C K (D) 2 <d0 

Axis of rotation 

/ / / / / 

Q.5 A non uniform rod OA of linear mass density X = XQx (X0 = const.) is j l P 
C i i o n o n / 1 a / 1 T r A m h m r t o 1 /~vi I t Ser l i r r h f f i + f i w r t n o h A T i m i n •> suspended from ceiling with hinge joint O & light string as shown in 
figure. Find the angular acceleration ofrod just after the string is cut. 

(A) y ^ ( B ) f ( C ) ^ f (D) none of these 
Li Li 3L 

Q.6 A uniform square plate of mass' m' and side' a' can rotate about a smooth vertical axis passing through 
one edge. It is initially at rest. Aparticle of mass'm' is moving horizontally and perpendicular to the plane 
of the plate with velocity u. It collides with the plate elastically at the centre of the plate. Find the angular 
velocity of the plate just after collision. 

Q. 7 Auniform rod of mass m and length I is fixed from point A, which is at a distance 
//4 from one end as shown in the figure. The rod is free to rotate in a vertical 
plane. The rod is released from horizontal position. Find the reaction force at the 
hinge, when kinetic energy of the rod is maximum. 

i/4> 

A 



Q. 8 A particleis projected horizontally along the interior of a smooth hemispherical bowl at 
rest of radius r and at angle 0O with vertical. Find the initial speed V0 required for the 
particle to just reach the top of the bowl. 

Q.9 A uniform rod of mass 3m and length 2a is free to rotate in a horizontal plane about a smooth fixed 
vertical axis passing through the midpoint 0 of the rod. Two small smooth rings of each of mass m are 
free to slide on the rod. At time t = 0, the rings are on opposite sides of O and are at a distance of a/2 
from O. The rod is given an initial angular velocity 2 (g/a)1/2. The rings being initially at rest relative to the 
rod. Find the angular velocity ofthe rod when the rings are about the slip off and the speed of either at 
this instant. The point O is at a height a above the horizontal plane. Find tie distance between the points 
where the rings strike the plane. 

Q. 10 The end' A' of a uniform rod AB oflength I touches a horizontal smooth fixed surface. Initially the rod 
make an angle of 3 0° with the vertical. Find the magnitude of displacement of the end B just before it 
touches the ground after the rod is released. 
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(C) Mv/ V ^ R 7 , R f 1+—k 
I I (D) - Mv/ V / 2 - R 2 

I 

DPP. NO.-59 
Q. 1 A conical pendulum consists of a mass M suspended from a string oflength /. The 

mass executes a circle of radius R in a horizontal plane with speed v. At time t, the 
mass is at position r i and has velocity v j • At time t, the angular momentum 
vector of the mass M about the point from which the string suspended is: 
(A) MvRk (B) Mv/k 

Q.2 

Q3 

Q.4 

(b) 
(c) 

(d) 
(e) 

A particle parallel to x-axis as shown in the figure such that at all instants 
the y-axis component of its position vector is constant and is equal to 
'b'. The angular velocity of the particle about the origin10': 
(A) remains constant (B) continuously increases 
(C) continuously decreases (D) oscillates. 

AladderAP oflength 5 mis inclined to a vertical wall is slipping over a horizontal 
surface with velocity of 2 m/s, when Ais at a distance 3m from ground what is 
the velocity of C.M. at this moment 
(A) 1.25 m/s (B) 0 m/s (C) 1 m/s (D)2m/s 

Arigid horizontal smooth rod AB of mass 0.75 kg and length 40 cm 
can rotate freely about a fixed vertical axis through its mid point O. 
Two rings each of mass 1 kg are initially at rest at a distance of 10 cm 
from O on either side of the rod. The rod is set in rotation with an 
angular velocity of 3 0 radians per second. The velocity of each ring 
along the length of the rod in m/s then they reach the ends ofthe rod is 
(A) 3 (B) 2 (C) 1 (D) 0.5 

A disc of radius 10 cm is moving with its centre's velocity = 1 m/s rightwards, at a certain moment, on a 
flat horizontal surface. At this moment, its angular velocity is 20 rad/s, anticlockwise. Then, the distance 
of a point on the disc (from its centre) whose instantaneous velocity is zero is 
(A) 5 cm (B) 10/3 cm (C) 5/3 cm (D) 2.5 cm 

Q5 

Q. 6 Athin rod AB oflength a has variable mass per unit length Pol I where x is the distance measured 

from Aand p0 is a constant. 
Find the mass M of the rod. 
Find the position of centre of mass of the rod. 
Find moment of inertia of the rod about an axispassing through Aand perpendicular to AB. Rod is freely 
pivoted at A and is hanging in equilibrium when it is struck by a horizontal impulse of magnitude P at the 
pointB. . 
Find the angular velocity with which the rod begins to rotate. 
Find minimum value of impulse P if B passes through a point vertically above A. 



Q. 7 A large circular disc shaped platform of mass M and radius R with a man A of mass A 
M/2 standing on it, is free to rotate in the horizontal plane about a vertical axis through 
its center O. Another man B of mass M/4 jumps to the point P on the platform with \ 
a velocity V as shown in the figure. Now both the man move towards the center O ( j 
such that their separation finally becomes 3R/4 while their CM lies at O. V J 
Determine the moment of inertia of the whole system about vertical axis passing ^ ^ 
through O and angular velocity ofthe platform. y'30' 

(a) Just after B jumped on to it and B 

(b) after their separation reduces to 3R/4. 

Q. 8 A uniform rod oflength 2r and mass m is rotating in a horizontal plane 
about a fixed pivot through centre at a steady speed of © rad/sec. A 
particle of mass m moving with speed cor/4 strikes an end of the rod 
perpendicularly. The rod and the particle are moving towards each other 
and the coefficient of restitution is 1/2. Compute the impulsive reaction 
at the pivot and the new speed of the rod. 

Q. 9 Four identical uniform rods of mass m and length / are j oined together to form a 
rigid square frame ABCD which is hinged about O on a smooth horizontal floor. 
The frame is stationary initially. Two particles each of mass m hit the vertices B 
& D with velocities v and 2v directed along DA & BC respectively as shown. 
After impact, these particles strick to the frame 

(a) Calculate Moment of Inertia of the frame about an axis passing through O perpendicular to its plane 
before & after the collision. 

(b) Calculate the loss in kinetic energy of the system in the above collision process. 

Q. 10 A circular disc of mass 3 00 gm and radius 20 cm can rotate freely about a vertical axis passing through 
its centre of O. A small insect of mass 100 gm is initially at a point a on the close (which is initially 
stationary) the insect starts walking from rest along the rim of the disc with such a time varying relative 
velocity that the disc rotates in the opposite direction with a constant angular acceleration=2% rad/s2. 
After some time T, the insect is back at the point A. By what angle has the disc rotated till now; as seen 
by a stationary earth observer? Also find the time T. 
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PART-A 

Only one alternative is correct. [20 x 1 = 20] 
There is NEGATIVE marking. For each wrong answer 0.5 mark will be deducted. 

For Q. 1 to Q.5 refer figure-1. , > 
Q. 1 When F = 2N, the frictional force between 5 kg block and ground is ^ = o . i L ^ i Z * 

(A) 2N (B) 0 [ > 1 
(C) 8 N (D) 10 N Fig. I 

Q.2 When F = 2N, the frictional force between 10 kg block and 5 kg block is 
(A) 2N (B) 15 N (C) 1 0 N (D)None 

The maximum "F" which will cause motion of any of the blocks. 
(A) I O N (B) 15 N (C) data insufficient (D)None 

The maximum acceleration of 5 kg block 

(A) 1 m/s2 (B) 3 m/s2 (C) 0 (D)None 

The acceleration of 10 kg block when F = 3 ON 
(A) 2 m/s2 (B) 3 m/s2 (C) 1 m/s2 (D)None 

Q-3 

Q.4 

Q 5 

Q.6 

Q.7 

Q.8 

Q.9 

Q.10 

Q . l l 

20N 

• t(sec) 

The P.E. of a certain spring when stretched from natural length through a distance 0.3 mislO J. The 
amount of work in joule that must be done on this spring to stretch it through an additional distance 
0.15 m will be 
( A ) 1 0 J (B) 20 J (C) 7.5 J (D) 12.5 J 

A particle of mass 1 kg is acted upon by a force 'F' which varies as 
shown in the figure. If initial velocity of the particle is 10 ms - 1 , the 
maximum velocity attained by the particle during the period is m 0x 
(A) 210 ms-1 (B) 110 ms-1 

(C) 100 ms"1 (D) 90 ms"1 i ON 

A 1.0 kg block collides with a horizontal weightless spring of force constant 
2.75 Nm - 1 as shown in figure. The block compresses the spring 4.0 m from the 
rest position. If the coefficient ofkinetic friction between the block and horizontal 
surface is 0.25, the speed of the block at the instant of collision is 
(A) 0.4 ms-1 ( B ) 4 m s - 1 (C) 0.8 ms-1 (D) 8 ms"1 

Suppose a player hits several baseballs. Which baseball will be in the air for the longest time? 
(A) The one with the farthest range. (B) The one which reaches maximum height. 
(C) The one with the greatest initial velocity. (D) The one leaving the bat at 45° with respect to the ground. 

'•F 

/ 
10 20 . 

- ^ f l f l P — = 

A hollow vertical cylinder of radius R is rotated with angular velocity 
© about an axis through its center. What is the minimum coefficient 
of static friction necessary to keep the mass M suspended on the 
inside of the cylinder as it rotates? 

2 

U 3 

gR © 2 e ©ZR 

Side view 
A horizontal curve on a racing track is banked at a 45° angle. When a vehicle goes around this curve at 
the curve's safe speed (no friction needed to stay on the track), what is its centripetal acceleration? 
(A)g (B)2g (C)0.5g (D) none 

i 



Q. 12 A body with mass 2 kg moves in one direction in the presence of a force 
which is described by the potential energy graph. If the body is released 
from rest at x = 2m, then its speed when it crosses x = 5 m is 
(A) zero (B) 1 ms_ I 

(C) 2 ms - 1 ( D p m s - 1 

The dumbell is placed on a frictionless horizontal table. Sphere Ais attached to 
a frictionless pivot so that B can be made to rotate about A with constant angular 
velocity. If B makes one revolution in period P, the tension in the rod is 

Q. 13 
I 2 3 • 4 ' 5 

x (meter) 

(A) 
47t M d 

(B) 
8TT M d 

(C) 
471 Md 

(D) 
2Md 

p z v ' p z v ' P x P V 

Q.14 Two racing cars of masses m } and n ^ are moving in circles of radii ^ and r2 respectively. Theirspeeds 
are such that each makes a complete circle in the same time t. The ratio of the angular speeds of the first 
to the second car is 
(A) 1: 1 ( B ) m 1 : m 2 (C) r , : r2 ( D ) m , m 2 : r 1 r 2 

Q. 15 Arod oflength 2m rests on smooth horizontal floor. If the rod is heated f rom 0°C to 20°C. Find the 
longitudinal strain developed? ( a = 5 x 10_5/°C) 
(A) 10"3 (B) 2 x l 0 - 3 (C) Zero (D)None 

Q. 16 Ablock of mass'm' is released from rest at point A. The compression in spring, 
when the speed of block is maximum 

(A) 
mgsinO 

(B) 
2mg sin 0 

(C) 
mgcosG 

k v ' k v ' k 
Q. 17 A uniform rod of mass 'M' and length L is hanging from a ceiling. The variation of tensile stress with 

distance X from the ceiling is best represented by 

(C) 

Q. 18 The load versus strain graph for four wires of the same material is shown in the 
figure. The thickest wire is represented by the line 
(A) OB (B) OA (C) OD (D) OC 

Q. 19 The graphs below show angular velocity as a function of time. In which one is the magnitude of the 
angular acceleration constantly decreasing? 

(A) (B) ( Q (D) 

Q. 20 A weight can be hung in any of the following four ways by string of same type. In which case is the string 
most likely to break? 
(A) A (B)B ( C ) C ( D ) D 



One or more than one alternative(s) is/are correct. [5x2 = 10] 
There is NO NEGATIVE marking. 
Q.21 An iron sphere weighing 10 N rests in a V shaped smooth trough whose sides form an angle of 60° as 

shown in the figure. Then the reaction forces are 
(A) RA = 10 N & RB = 0 in case (i) 
(B) R A = 1 0 N & R b = l O N i n c a s e ( i i ) 

20 10 
(C) RA= N & Rb = N in case (iii) 

(D) RA - 10 N & RB = 10 N in all the three cases 

Q.22 A spring block system is placed on a rough horizontal floor. The block is pulled towards right to give 
spring some elongation and released. 
(A) The block may stop before the spring attains its mean position. : J 
(B) The block must stop with spring having some compression. 
(C) The block may stop with spring having some compression. 
(D) It is not possible that the block stops at mean positon. 

Q. 23 In the above situation the block will have maximum velocity when 
(A) the spring force becomes zero (B) the factional force becomes zero 
(C) the net force becomes zero (D) the acceleration of block becomes zero 

Q.24 Aball is rolled off" along the edge of a horizontal table with velocity 4 m/s. It hits the ground after time 
0.4 s. Which of the following are correct? 
(A) The height ofthe table is 0.8 m 
(B) It hits the ground at an angle of 60° with the vertical 
(C) It covers a horizontal distance 1.6 m from the table 
(D) It hits the ground with vertical velocity 4 m/s 

Q. 25 A particle of mass m is at rest in a train moving with constant velocity with respect to ground. Now the particle 
is accelerated by a constant force F0 acting along the direction ofmotion of train for time t0. Agirl in the train 
and a boy on the ground measure the work done by this force. Which of the following are INCORRECT? 
(A) Both will measure the same work 
(B) Boy will measure higher value than the girl 
(C) Girl will measure higher value than the boy 
(D) Data are insufficient for the measurement of work done by the force F0 

PART-B 
Q. 1 Aball is fired from point P, with an initial speed of 50 m/s at angle of 53 with 

the horizontal. At the same time, a long wall AB at 200 m from point P, starts 
moving towards P with a constant speed of 10 m/s. 

(a) Find the time when the ball collides with wall AB. 
(b) Find the coordinate of point C, where the ball collides. Taking point P as origin? 

i 
P] 

Q.2 Two light inextensible strings AB and BC each oflength L are attached 
to a particle of mass m atB. The other ends Aand C are fixed to two 
points in a vertical line such that Ais distant L above C. The particle 
describes a horizontal circle with constant angular velocity ©. 
Find (a) the tension in AB 

(b) the least value of ® so that both strings shall be taut. 



Q.3 A circular race track is banked at 45° and has a radius of 40 m. At what speed does a car have no 
tendency to slip? If the coefficient of fiiction between the wheels and the track is 1/2, find the maximum 
speed at which the car can travel round the track without skidding. [3] 

Q.4 

(a) 
(b) 

(c) 
Q.5 

(a) 
(b) 

Q.6 

(a) 
(b) 

Q-7 

(a) 
(b) 
(c) 

Q.8 

(a) 
(b) 
(c) 

•—A 

[3] 

An elastic rod of mass 10 kg and 10m length is hanging from ceiling. The area of cross-section of rod is 
10~3m2. The young's modulus of the material is Y = 1010 N/m2 

Find the stress at point A, which is 6 m below the ceiling. 
A very small element of length 1mm is analysed at point A. Find 
approximate strain in this element? 
Find energy per unit volume stored in this element? 

A small bucket of mass "m" rests at the bottom of a pit that has a depth h. A motor with an elastic cord 
is used to lift the bucket out of the pit. One end of the cord is attached to the bucket; the other end is 
attached to the shaft of the motor. There is a mark on the cord at the height 0. 8h from the bottom of the 
pit. The cord is vertical and relaxed but taut. The motor begins to rotate slowly. It is noticed that the 
bucket loses contact with the ground just as the mark on the cord reaches the shaft. 
Find the elastic constant of the cord in terms of m, g and h. 
Calculate the work done by the motor till that moment? [3] 

A stone is launched upward at 45° with speed v0. Abee follows the trajectory of the stone at a constant 
speed equal to the initial speed of the stone. 
Find the radius of curvature at the top point of the trajectory. 
What is the acceleration of the bee at the top point of the trajectory? For the stone, neglect the air 
resistance. [3] 

A smooth bead B of mass 0.6 kg is threaded on a light inextensible string whose 
ends are attached to two identical rings, each of mass 0.4 kg. The rings can 
move on a fixed straight horizontal wire. The system rests in equilibrium with 
each section of the string making an angle 0 with the vertical, as shown in the 
diagram. 
Find the magnitude of the normal contact force exerted on each ring by the wire. 
Find, in terms of 0, the magnitude of the frictional force on each ring. 
Given that the coefficient of friction between each ring and the wire is 0.3, find the greatest possible value 
of 0 for the system to be in equilibrium. 
One end of a light inextensible string is attached to a ceiling. The string passes 
under a smooth light pulley carrying a weight C and then over a fixed smooth light 
pulley. To the free end of the string is attached a light scale pan in which two 
weights A and B are placed with A on top of B as shown. The portions of the 
string not in contact with the pulleys are vertical. Each of the weights Aand B has 
a mass M and the weight C has a mass 5M. If the system is released from rest 
find the acceleration of the movable pulley? 
the tension in the string. 
the reactionforce between the weights Aand B. 

[4] 

AliAAAlllAllll 

A 
[4] 

Q. 9 A small ball is thrown towards the spring with a speed 
of 20 m/s. The horizontal surface AC is rough with a 
friction coefficient (i=0.1. It comes in contact with spring 
at point B and then compresses the spring by 0.2 m 
and returns back to point A. After that the ball leaves 
the horizontal plane and follows the path of a projectile. 

(a) Find the speed of ball when it returns back to A. 
(b) Find the Range A' D ofthe ball. 

w H — } 
c' 'B A 
0.2m 2 - 3 m 

20m \ 
\ 

A' 
HI 
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Q.l 

Q.2 

Q.3 

Q.4 

Q.5 

Q.6 

(a) 
(b) 
(c) 
Q-7 

Q.8 

Q.9 

(a) 
(b) 
(c) 

Q.10 

A uniform slender rod of mass'm' and length L is released from rest, with its lower end touching a 
frictionless horizontal floor. At the initial moment, the rod is inclined at an angle = 30° with the vertical. 
Then, the value of normal reaction from the floor just after released, will be: 
(A) 4mg/7 (B) 5mg/9 (C)2mg/5 (D)none 
In the above problem, the initial acceleration of the lower end of the rod will be 

(A)gV3/4 (B) gA/3/5 (C)3gV3/7 (D)none 

A hollow spherical ball is given an initial push up an incline of inclination angle a. The ball rolls purely. 
Coefficient of static friction between ball and incline=m. During its upward journey, 
(A) friction acts up along the incline (B) ^ > 2 tan a/5 
(C) friction acts down along the incline (D) ^ > 2 tan a/7 
A cylinder having radius 0.4 m, initially rotating (at t=0) with co0 = 54 rad/sec is placed 
on a rough inclined plane with 6 = 37° having friction coefficient ̂ =0.5. The time taken 
by the cylinder to start pure rolling is: 
(A) 5.4 sec (B) 1.4 sec 
(C) 1.2 sec (D) 1.8 sec 
A uniform disc of mass M and radius R is projected at t = 0, with velocity V0 
and angular velocity <»0=0 along an inclined plane having inclination angle 0. 
The coefficient of friction between disc & inclined is JJ. = V% tanG. Find total 
time of rise of disc on inclined. 
A disc of radius 20 cm is rollign with slipping on a flat horizontal surface. At 
a certain instant, the velocity of its center is 4 m/s and its angular velocity 
islOrad/s. The lowest contact point is O. Find 
the velocity of point O. 
the distance of instantaneous center of rotation from the point O. Mention whether it is above or below O. 
the velocity of point R 
The wheel of radius R rols without slipping and its centre O has an acceleration 
a0. A point A on the wheel is at a distance r from O. For given values of a0, R 
and r, determine the angle 0 and the velocity v0 of the wheel for which Ahas no 
acceleration in this position. 
Four identical slender rods each of mass m are welded at their ends to form a 
square and the corners are then welded to a light metal hoop of radius R. If the 
rigid assembly of rods and hoop is allowed to roll down the incline, determine 
the minimum value of the coefficient of static friction which will prevent slippery. 
For the system shown in figure , M - 1 kg, m = 0.2 kg, r = 0.2 m. 
Calculate nooy\ 
the linear acceleration of hoop 
the angular acceleration of the hoop of mass M and 
the tension in the rope 
Neglect the mass of small pulley and the friction between the hoop and the horizontal surface. Masses of 
the pulley and string and friction between the hoop and the horizontal surface are negligible. 
A ladder AP oflength 5 m inclined to a vertical wall is slipping over a horizontal surface 
with velocity of 2 m/s, when A is at distance 3m from ground. What is 
the velocity of C.M. at this moment? 

M 

.uutTuumuumuH 
0 

I 
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Q.l A wheel is made to roll without slipping, towards right, by pulling a string 
wrapped round a coaxial spool as shown in figure. With what velocity the 
string should be pulled so that the centre of the wheel moves with a velocity 
of 3 m/s? 
(A) 3 m/s (B) 1 m/s (C) 3/2 m/s (D)2m/s 

Q.2 A cylinder is pure rolling up an incline plane. It stops momentarily and then rolls back. The force of fiiction 
(A) on the cyclinder is zero throughout the journey 
(B) is directed opposite to the velocity of the centre of mass throughout the journey 
(C) is directed up the plane throughout the j ourney 
(D) is directed down the plane throughout the journey 

Q. 3 On a solid sphere lying on a horizontal surface a force F is applied at a height of R/2 from the centre of 
mass. The acceleration of a point at the top of the sphere is (there is no slipping at any point) 

15F 15F 30 F _ F 
^ T M <°>M 

Q.4 On a train moving with acceleration 10 m/s2 a ball starts rolling on floor of train along the width ofthe 
train with angular acceleration 2 rad/s2, radius of ball is 1 m. Find the acceleration ofthe top point of ball 
at the time t = 3 s as seen from ground. 
(A) 10 m/s2 (B)10Vl4m/s2 (C) 100 m/s2 (D)Vl396 m/s2 

Q. 5 A solid uniform disk of mass m rolls without slipping down a fixed inclined plane with an acceleration a. 
The frictional force on the disk due to surface of the plane is: 
(A) 2 ma (B) 3/2 ma (C)ma ^ (D) 1/2 ma 

Q.6 A spool of mass m, with moment of inertia about its axis as > is placed on 
rough horizontal surface. An external force 2F is applied through a thread as 
shown in the figure. Find the acceleration of the spool and the force of friction 
acting on the spool. Assume pure roiling. inimnirnnuinnii 

Q.l A reel of mass'm' and moment of inertia I relative to its own axis is being pulled along a horizontal 
surface by the string wrapped around as shown. There is no slipping between the reel and the surface 
throughout the motion. 

(a) Find the angular speed to of the reel at the instant when the end of the 
string is being pulled at speed v. 

(b) If the end ofthe string is being pulled at a constant acceleration' a' find / 
the tension in the string. 

Q. 8 A spool of inner radius R and outer radius 3R has a moment of inertia=MR2 

about an axis passing through its geometric centre, where M is the mass ofthe 
spool. A thread woudn on the inner surface of the spool is pulled horizontally 
with a constant force = Mg. Find the acceleration of the point on the thread 
which is being pulled assuming that the spool rolls purely on the floor. 

Q.9 A uniform rod of length / is kept as shown in the figure. H is a horizontal smooth 
surface and W is a vertical smooth wall. The rod is released from this position. 
Find the angular acceleration of the rod just after the release. 

Q. 10 The wedge shown in the figure has a mass M and incline angle 31°. The floor is 
frictionless. The mass of the solid sphere is also M. Friction between the incline 
surface of the wedge and the sphere is sufficient to prevent any sliding so that 
the sphere rolls purely down the inclined surface of the wedge. Find the 
acceleration ofthe wedge. 
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Q.l 

Q.2 

One ice skater of mass m moves with speed 2v to the right, while another of the same mass m moves 
with speed v toward the left, as shown in figure I. Their paths are separated by a distance b. At t = 0, 
when they are both at x = 0, they grasp a pole oflength b and negligible mass. For t > 0, consider the 
system as a rigid body of two masses m separated by distance b, as shown in figure II. Which ofthe 
following is the correct formula for the motion after t = 0 of the skater initially at y=b/2? 

1 
5 C 

Figure I "B u r e u 

(A) x = 2vt,y = b /2 
(B) x = vt + 0.5b sin(3vt / b), y = 0.5b cos(3vt /b) 
(C) x = 0.5vt + 0.5bsin(3vt/b), y = 0.5bcos(3vt/b) 
(D) x = 0.5vt + 0.5bsin(6vt/b), y = 0.5bcos(6vt / b) 
A solid cone hangs from a frictionless pivot at the origin O, as shown. If i , j and k are 
unit vectors, and a, b, and c are positive constants, which ofthe following forces F 
applied to the rim of the cone at a point P results in a torque T on the cone with a negative 
component xz? 
(A) F = a k, P is (0,b,-c) (B) F = -a k, P is (0,-b,-c) 

(C) F = a j , P is (-b,0,-c) (D) None 

Q.3 The work done by the force F = x2i + y 2 j around the path shown in the figure is l 

4 ,3 J 2 3 
(A) (B)zero (C) a3 (D) 

(0,0) 

B(a,a) 

(a.0) 

Q.4 A thin rod of mass M and length L is struck at one end by a ball of clay of mass m, moving with speed v 
as shown in figure. The ball sticks to the rod. After the collision, the angular momentum of the clay-rod 
system about A, the midpoint ofthe rod, is 

(A) 
MYvL 

(C) 
mvL 

(B) 

(D)mvL 

MYvL 
12 A 2 

Q — 

Q. 5 A small particle of mass m is given an initial high velocity in the horizontal plane and 
winds its cord around the fixed vertical shaft of radius a. All motion occurs essentially in 
horizontal plane. If the angular velocity of the cord is ©0 when the distance from the 
particle to the tangency point is r0, then the angular velocity of the cord co after it has 
turned through an angle 0 is 

(A) co = ©0 (B)o)=- (C)® = (D)o = cooe 



Q.6 A small sphere is moving at a constant speed in a vertical circle. Below is a list of quantities that could be 
used to describe some aspect of the motion ofthe sphere. 

I -k ine t ic energy 
II - gravitational potential energy 
IE-momentum 

Which of these quantities will change as this sphere moves around the circle? 
(A) I and II only (B) I and III only (C) III only (D) II and III only 

Q. 7 Starting from the rest, at the same time, a ring, a coin and a solid ball of same mass roll down an incline 
without slipping .The ratio of their translational kinetic energies at the bottom will be 
(A) 1 : 1 : 1 (B) 1 0 : 5 : 4 ( C ) 2 1 : 2 8 : 3 0 (D)None 

Question No. 8 to 10 

Q. 8 A small block of mass m is placed on a wedge of mass M as shown, 
which is initially at rest. All the surfaces are frictionless. The spring 
attached to the other end of wedge has force constant k. If a' is the 
acceleration of m relative to the wedge as it starts coming down and A 
is the acceleration acquired by the wedge as the block starts coming 
down, then 

M 
i i m i i i m 

(A) 42 <A<a' ( B ) A < V 2 
(C) A > a' (D) None 

Q.9 Maximum velocity of Mis: 

(A)V2gh (B) 
2ghm 
m + M 

(C) 
2m 2gh 

m M + M^ 
(D)None 

Q. 10 Maximum retardation of M is: 

2mghk 2kgh 2kgh 
(A U - r f T ( B ) f ^ - ( C ) f f - (D) None 
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Q.l In the figure shown a ring A is initially rolling without sliding with a velocity v on the horizontal surface of 

the body B (of same mass as A). All surfaces are smooth. B has no initial velocity. What will be the 
maximum height reached by A on B. 

3v2 v2 v2 

(A) ^ (B) ^ (C) 2g (D) yg ii'nnniinniiiiin 

Q.2 A ring of radius R rolls without sliding with a constant velocity. The radius of curvature ofthe path 
followed by any particle ofthe ring at the highest point of its path will be 
(A)R (B)2R (C)4R (D)none 

Q. 3 Two light vertical springs with equal natural lengths and spring constants k 1 and k2 are separated by a 
distance I. Their upper ends are fixed to the ceiling and their lower ends to the ends A and B of a light 
horizontal rod AB. A vertical downwards force F is applied at point C on the rod. AB will remain 
horizontal in equilibrium if the distance AC is 

I 
(A>2 

lk2 /k , 

Question No. 4 to 5 
A spring block system is placed on a rough horizontal floor. The block is pulled towards right to give spring an elongation less than but more than 

K K 
: and released. 
Q.4 Which of the following laws/principles of physics can be applied on the spring 

block system 
(A) conservation of mechanical energy (B) conservation of momentum 
(C) work energy principle (D) None 

Q. 5 The correct statement is 
(A) The block will cross the mean position. 
(B) The block will come to rest when the forces acting on it are exactly balanced 
(C) The block will come to rest when the work done by friction becomes equal to the change in energy 

stored in spring. 
(D) None 

Q. 6 Consider, the following statements 
Assertion(A): A cyclist always bends inwards while negotiating a curve 
ReasonQR.): By bending he lowers his centre of gravity 
Of these statements, 
(A) both A and R are true and R is the correct explanation of A 
(B) both A and R are true but R is not the correct explanation of A 
(C) A is true but R is false 
(D) A is false but R is true 



Q.l Consider the following statements: 
Assertion(A): A table cloth can be pulled from a table without dislodging the dishes 
Reason{R): To every action there is equal and opposite reaction 
(A) both A and R arc true and R is the correct explanation of A 
(B) both A and R are true but R is not the correct explanation of A 
(C) A is true but R is false 
(D) A is false but R is true 

Q.8 

Question No. 8 to 10 
A particle of mass m is constrained to move on x-axis. A force F acts on the 
particle. F always points toward the position labeled E. For example, when the 
particle is to the left of E, F points to the right. The magnitude of F is a « A | +vc ? 
constant F except at point E where it is zero. m E x 

The system is horizontal. F is the net force acting on the particle. The particle is displaced a distance A 
towards left from the equilibrium position E and released from rest at t = 0. 
What is the period of the motion? 

(B) (D) None 

Q. 9 Velocity - time graph ofthe particle is 

(A) (B) 

(D) 

Q.10 Find minimum time it will take to reach from x=-— toO. 

( A ) - ^ ( V 2 - 1 ) ( B ) ^ ( V 2 - 1 ) ( 0 2 ^ 2 - 1 ) ( D ) N o n e 
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Q. 1 Force constant of a spring (K) is syonymous to 

( A ) ™ ( B ) ~ ( C ) F ^ ( D ) A L Y 

Q. 2 The amount of work done in increasing the length of a 1 m long wire through 1 cm when the Young's 
modulus is 8 x 108 N/m2 will be : 
(A) 20000 J (B) 40000 J (C) 80000 J (D) data insufficient 

Q.3 Wire of different radii are used in Searle's experiment for measuring elasticity 
properties of a given material. In stress v/s strain graph, on using wire of larger 
radius. (Length of the wire remains constant) 
(A) line will rotate clockwise (B) line will rotate anticlockwise 
(C) line will not rotate at all (D) line will become curved. 

Q.4 A wire can support a maximum load ofW. If the wire is cut in 2 equal parts and joined in parallel, what 
is the maximum load it can now support. 
(A) W (B)2W (C) W/2 (D)4W 

Q. 5 Overall changes in volume and radii of auniform cylindrical steel wire are 0.2% and 0.02% respectively 
when subjected to some suitable force. Longitudinal tensile stress acting on the wire is 
(Y=2.0x 1011 Nm"2) 
(A) 3.2 x 108Nm"2 (B) 3.2 x 107 Nm"2 (C) 4.08 x 109 Nnr3 (D) 3.6 x 107 Nnr2 

Q.6 A composite rod consists of a steel rod of length 25 cm and area 2A and a copper rod of length 50cm 
and area A. The composite rod is subjected to an axial load F. If the Young's modulus of steel and 
copper are in the ratio 2:1. 
(A) the extension produced in copper rod will be more. 
(B) the extension in copper and steel parts will be in the ratio 2:1. 
(C) the stress applied to the copper rod will be more. 
(D) no extension will be produced in the steel rod. 

Q.7 An object of mass 0.5kg is hung from the end of a steel wire of length 2m and of diameter 0.5mm. 
(Young's modulus = 2x10" N/m2). The object is lifted through a distance h (thus allowing the wire to 
become slack) and is then dropped so that the wire receives a sudden jerk. The ultimate strength of steel 
is 1.1 x 109 N/m2. What is the largest possible value of h if the wire is not to break. [Assume stress 
remains proportional to strain throughout the motion] 

Q. 8 What is the change in the volume of an elastic uniform rod of length 1 under the action of a force F when 
its Young's modulus is Y and poisson ratio is a. 

Q.9 Athin uniform copper rod of length land area cross section Amass m rotates uniformly with an angular 
velocity a in a horizontal plane about a vertical axis passing through one of its end. Determine the tension 
in the rod as a function of the distance r from the rotation axis. Find the elongation ofthe rod also. 
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Q. 1 When a steel wire fixed at one end is pulled by a constant force F at its other end, its length increases by 

/. Which of the following statements is not correct? 
(A) Work done by the external force is F/. 
(B) Some heat is produced in the wire in the process. 
(C) The elastic potential energy of the wire is F//2. 
(D) The heat produced is equal to half of the elastic potential energy of the wire. 

Q.2 A solid sphere ofradius R made of ofmaterial ofbulk modulus K is surrounded by a liquid in a cylindrical 
container. Amassless piston of area A floats on the surface ofthe liquid. When a mass mis placed on 
the piston to compress the liquid, the fractional change in the radius ofthe sphere 5R/Ris 
(A) mg/AK (B) mg/3AK (C) mg/A (D)mg/3AR 

Q. 3 A steel cylinderical rod of length / and radius r is suspended by its end from the ceiling. 
[Density of cylinder - p, Young's modulus of elasticity - E] 
(a) Find the elastic deformation energy U of the rod. 
(b) Find U in terms of tensile strain A/// of the rod. 

Q.4 A steel rod (Young's modulus=2 * 10n Nnr2) has an area of cross-section 3 x 10~4 m2 and length 1 m. 
A force of 6 x 104 N stretched it axially. The elongation of the rod is 
(A) 10-4m (B) 5 x io-3 m (C) 10 3 m (D) 5 x 10~2 m 

Q.5 The following fourwires are made ofthe same material. Which of these will havethe largest extension 
when the same tension is applied 
(A) Length = 50 cm and diameter=0.5 mm (B) Length = 100 cm and diameter = 1 mm 
(C) Length = 200 cm and diameter = 2 mm (D) Length = 3 00 cm and diameter = 3 mm 

Q.6 A steel ring of radius r and cross-sectional area Ais fitted on to a wooden disc of radius R (R > r). If 
Young's modulus be Y, then the force with which the steel ring is expanded is 

(R^j ( R - r ^ | Y f R - 0 Yr (A)AY[7J <B)AY[—J <QAI—J 
Q.7 Aropel cm in diameter breaks ifthe tension in it exceeds 500 N. The maximum tensionthat may be 

given to a similar rope of diameter 2 cm is 
(A) 500 N (B) 250 N (C) 1000N (D)2000N 

Q.8 A cylindrical wire of radius 1 mm, length 1 m, Young's modulus = 2 x 1011 N/m2, poisson's ratio 
ja. = 7t/l 0 is stretched by a force of 100 N. Its radius will become 
(A) 0.99998 mm (B) 0.99999 mm (C) 0.99997 mm (D) 0.99995 mm 

Q.9 Auniform steel wire hangs from the ceiling and elongates due to its own weight. Theratio MU~ 
of elongation ofthe upper half ofthe wire to the elongation of the lower halfofwire is 
(A)4 : 1 (B)3:1 (C)3:2 (D)None 

I 
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Q. 1 Apiece ofmetal floats on mercury. The coefficient ofvolume expansion of metal and mercury are y t and 

y2 are respectively. If the temperature of both mercury and metal are increased by an amount AT, by 
what factor does the fraction of the volume ofthe metal submerged in mercury changes? 

Q.2 Ametal rod A of 25 cm length expands by 0.050 cm, when its temperature is raised from 0°C to 100°C. 
Another rod B of a different metal of length 40 cm expands by 0.04 cm for the same rise in temperature. 
A third rod C of 50 cm length is made up of pieces of rod A and B placed end to end expands by 
0.03 cm on heating from 0°C to 50°C. Find the lengths of each portion ofthe composite rod. 

Q. 3 A clock with a metallic pendulum in 5 sec fast each day at a temperature of 15 °C and 10 sec slow at a 
temperature of 3 0°C. Find a for the pendulum metal. 

Q. 4 A glass vessel is partially filled with mercury and when both are heated together, the volume of the 
unfilled part ofvessel remain constant at all temperature. Find the initial volume of mercury if the empty 
part measures 34 cm3. [Given: ctvessel = 9x \0r6loC\ yHg = 18 x 10-5/°C] 

Q. 5 A simple second pendulum is constructed out of a very thin isotropic string of thermal coefficient of linear 
expansion a = 20 x l O-4 (C°)_1 and a heavy particle attached to one end. The free end ofthe string is 
suspended from the ceiling of an elevator at rest. The pendulum keeps correct time at 20°C. When the 
temperature rises to 51.2°C, the elevator operator of 60 kg being a student of Physics accelerates 
elevator vertically to keep correct time. Find the apparent weight of the operator when the pendulum 
keeps correct time at 51,2°C. [Take g = 10 ms-2] 

Q.6 A solid body floats in a liquid at a temperature t = 50°C being completely submerged in it. What fraction 
of the volume of the body is submerged in the liquid after its cooling to t0 = 0°C, if the coefficient of cubic 
expansion for the solid is ys = 0.3 x 10~5 °C~1 and ofthe liquid yt = 8 x 10'5 °C_1. 

Q. 7 Two rods of different materials but of equal cross-section and length (1.0 m each) are joined to make a 
rod of length 2.0 m. The metal of one rod has coefficient of linear thermal expansion 10"5 /°C and 
Young's modulus 3 x 1010N/m2. The other metal has the values 2 xio-5 and 1010N/m2 respectively. 
How much pressure must be applied to the ends of the composite rod to prevent its expansion when the 
temperature is raised by 100°C? 

Q. 8 A steel wire of length 2 m and cross-sectional area=2 mm2 is fixed between two rigid supports in a state 
of negligible tension. If wire is stretched and tied firmly between two rigid supports, at a 
temperature = 20°G. At this moment, the tension in the wire is 200 N. At what temperature will the 
tension become zero? [Given: Y=200 GPa, a = 10 5/°C] 

Q.9 In the figure shown a sphere of mass'm'is kept in a horizontal surface. A metallic wire •L""n'< 
of length I is tied to sphere. The other end of the wire is fixed to a ceiling. The wire is in 
natural length. The wire has coefficient of linear expansion a, area of cross-section Aand 
Young's modulus Y. Neglecting the expansion of the sphere, find out the decrease in g 
temperature, so that the sphere leaves contact with the surface. huh3 
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Q.l A square plate of a metal has a circular hole with centre at centre of plate. Side 
length of plate is a and radius of hole is a/2. Now temperature o f the plate is 
changed by AT. Coefficient of linear expansion for material of plate is a . 

(a) Find the new area of hole. 
(b) The ratio of the area of hole and plate in final situation. 

Q. 2 Two vessels connected by a pipe with a sliding plug contain mercury. In one vessel, the height of mercury 
column is 39.2 cm and its temperature is 0°C, while in the other, the height of mercury column is 40cm 
and its temperature is 100°C. Find the coefficient of cubical expansion for mercury. The volume of the 
connecting pipe should be neglected. 

Q. 3 A thermometer has stem of internal diameter 0.8 mm and contains 0.07 gm of a liquid, the liquid level in 
the thermometer rises by 11.9 mm where the temperature changes from 0°C to 40°C. Find the coefficient 
of cubical expansion of the liquid. (ygl -1 x 10~5 °C" i; density of liquid = 0.82 gm/cm3) 

Q.4 A box measured with a vernier caliper is found to be 180 mm long. The temperature during the 
measurement is 10°C. What will the measurement error be if the scale of the vernier caliper has been 
graduated at a temperature of 20°C? The coefficient of linear expansion of the material of 
vernier = 11 x 10"6 "C'1 . 

Q. 5 Three rods A, B and C having identical shape and size are hinged together at ends to form an equilateral 
triangle. Rods A and B are made of same material having coefficient of linear thermal expansion 
a t = 11 x 10^/°C while that of material of rod C is a 2 = 16 x 1 B y how many kelvin must be the 
system of rods be heated to increase the angle opposite to rod C by A8 = 0.01 °? 

Q. 6 The system shown consists of 3 springs & two rods. If the temperature 
of the rods is increased by AT, calculate the force exerted by springs on 
wall. Neglect friction & Thermal stress & take the coefficient of linear 
expansion of the material of rods equal to a. 

T. U2 
K 2 K 3 K ymw- SMM*-

8 0 ' 

1 0 0 ° C A ] 
t 

B C 3 0 ° C 

4 0 c m 3 0 c m 2 0 c m 

Q. 7 Ahollow steel sphere, weighing 200 kg is floating on water. A weight of 10 kg is to be placed on it in 
order to submerge when the temperature is 20°C. How much less weight is to be placed when temperature 
increases to 25°C? Given : Yw a t er= 1- 5 x 10"4/°C, a s t e e l = 1 x 10-5/°C. 

Q. 8 A bar of uniform cross-section and oflength 90cm is made of 
three materials A, B & C. Their lengths are 40cm, 30cm and 
20cm respectively. The coefficients of their thermal conductivities 
are in the ratio 2 : 3 : 4 . The ends are maintained at 100°C & 3 0°C & there is no loss of heat from the 
sides of the bar. When the rod is in steady state, find the temperatures 9 and 9 ' of the interfaces. 

Q. 9 A composite rod is made by joining two rods of different material but of the same cross section. At 3 5°C 
the composite rod is 100 cm in length, out of which the length of the first rod is 40 cm. At 13 5°C the 
length of the composite rod increases by 2.1mm. When the composite rod is not allowed to expand by 
holding it between teo rigid walls it is found that the lengths of the two constituents do not change with 
rise in temperature. Young's modulus of the first rod is 1.2 x 1011 dyne/cm2 and its coeficient of linear 
expansion is 1.5 x 10_5/°C. Find the young's modulus and coeficient of linear expansion of the second 
rod. 

I 
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Q.l 

Q.2 

Q.3 

Q.4 

Q.5 

Q.6 

Q.7 

Q.8 

Pure water super cooled to -15°C is contained in a thermally insulated flask. Small amount of ice is 
thrown into the flask. The fraction of water frozen into ice is: 
(A) 3/35 (B) 6/35 (C)6/29 (D)2/35 

A 2100 W continuous flow geyser (instant geyser) has water inlet temperature = 10°C while the water 
flows out at the rate of 20 g/sec. The outlet temperature of water must be about 
(A) 20°C (B) 30°C (C) 35°C (D)40°C 

The bulk modulus of copper is 1.4 x 1011 Pa and the coefficient of linear expansion is 
1.7 x 10-5 (C0)"1. What hydrostatic pressure is necessary to prevent a copper block from expanding 
when its temperature is increased from 20°C to 30°C? 
(A) 6.0 x lo5 Pa (B) 7.1 x lo7 Pa (C) 5.2 x 106 Pa (D) 40 atm 

The specific heat of a metal at low temperatures varies according to S = aT3 where a is a constant and 
T is the absolute temperature. The heat energy needed to raise unit mass of the metal from 
T = 1 K to T = 2 K is 

(A) 3 a (B) 
15a 2a 

( C ) T (D) 
12a 

A crystal has a coefficient of expansion 0.13 x 10~8/°C in one direction and 2.31 x 10_7/°C in every 
direction at right angles to it. Then the cubical coefficient of expansion is: 
(A) 4.62 xlO-7/°C (B) 2.44 x 10-7/°C (C) 4.75 x 10~7/°C (D) 2.57 x 10-?/°C 

The coefficient of apparent expansion of a liquid in a copper vessel is C and in a silver vessel is S. The 
coefficient of volume expansion of copper is y . What is the coefficient of linear expansion of silver? 

(A) 
(C + y c+S) 

3 (B) (C"~yc +S) 
3 (C) 

(C + y c - S ) (D) ( C - Y c - S ) 

5 gm of ice at 0°C is mixed with 10 gm of steam at 100°C. Find the final temperature and composition 
of the mixture ifthe mixing is done in a calorimeter of water equivalent 13 gm, initially at 0°C. 

A bucket contains a mixture of water and ice of mass m = 1 Okg. The 
bucket is brought into room after which the temperature ofthe mixture 
is immediately measured. The obtained T(x) dependence is plotted in 
fig. The specific heat of water is cw=4.2kJ/kg-K and the latent heat of 
fusion of ice is 340 kJ/kg. Determine the mass mice of ice in the bucket 
at the moment it is brought in the room neglecting the heat capacity of 
the bucket. 

Q. 9 A conducting tube is passing through a bath. A liquid at temperature 90°C and specific 
heat s is entering at one end of tube. Rate of flow of liquid is 1 kg/s and exit temperature 
is 50°C. In bath another liquid having specific heat 2s and inlet temperature 20°C is 
entering at a rate of 2 kg/s. Find the exit temperature of liquid coming out of the 
bath, (assume steady state condition) 

Q. 10 A calorimeter whose water equivalent is 50 gm contains 450 gm of water and 100 gm ice at 0°C. What 
will be the final temperature if 50 gm of steam at 100°C is admitted to the calorimeter and contents? 
Given: Lf ice - 80 cal/gm; L y of water = 540 cal/gm; S- =0.5 cal/gm k ; Swater = 1.0 cal/gm k 
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Q. 1 Equal masses of three liquids A, B and C have temperatures 10°C, 25°C and 40°C respectively. If A 

and B are mixed, the mixture has a temperature of 15°C. If B and C are mixed, the mixture has a 
temperature of 30°C. If Aand C are mixed, the mixture will have atemperature of 
(A)16°C (B) 20°C (C) 25°C (D)29°C 

Q.2 The temperature of a gas is doubled (i) on absolute scale (ii) on centigrade scale. The increase in root 
mean square velocity of gas will be 
(A) More in case (i) (B) More in case (ii) (C) Same in both case (D) Information not sufficient 

Q.3 The temperature of ice is -10°C (specific heat = 0.5 K cal/kg°C) and that of water 60°C. Their equal 
masses are mixed. What part of the ice will be melted? (Latent heat of fusion of ice = 80 Kcal/kg) 
(A) 5/6 th (B) 11/16 th 
(C) whole of it will be melted (D) 5/11 th 

Q.4 A brass rod oflength 2m and cross section area 2 cm2 is attached end to end to a steel rod oflength L 
and cross sectional area 1 cm2. The compound rod is subjected to equal and opposite tensile force of 
magnitude 5 * 104 N at its ends. If the elongation of the two rods are equal. Then the length of steel rod 
^ [Ybrass = 10" N/m2, Ysteel = 2 x 10" N/m2] 
(A) 1.5m (B) 1.8 m (C)2m (D)none 

Q. 5 The density of a material A is 1500 kg/m3 and that of another material B is 2000 kg/m3. It is found that 
the heat capacity of 8 volumes of A is equal to heat capacity of 12 volumes of B. The ratio of specific 
heats of A and B will be 
(A) 1 : 2 (B) 3 :1 (C)3:2 (D)2 : l 

Q.6 Find the amount of heat supplied to decrease the volume of an ice water mixture by 1 cm3 without any 
change in temperature. (pice = 0.9 pwater, Lice = 80 cal/gm). 
(A) 360 cal (B) 500 cal (C)720cal (D) none of these 

Q.7 Two cylinders of equal masses, one made of material Aand the other of material B, are heated to 50°C 
and placed on two large blocks of ice at 0°C. If both the cylinders have the same height, find the ratio 
(hA/hB) oftheir maximum depth of penetration in the ice. Assume that no heat is lost to the surroundings. 
SA = 0.3 cal g"1 (C0)-1; pA = 2.7 g cnr3 ; SB = 0.1 cal g"1 (C0)-1 ; PB

 = 5.4 g cnr3 

Q.8 A calorimeter ofwater equivalent 20 gm contain a liquid of mass 100gmat30°C. Specific heat capacity 
ofthe liquid is 

where 9 is temperature in degree Celsius. 
m gm of ice at -10°C is put in the calorimeter such that final temperature of the mixture and calorimeter 
is 10°C. Specific heat capacity of water Sw = 1 cal/gm-°C, specific heat capacity of 
ice =1/2 cal/gm-°C. Latent heat of fusion= 80 cal/gm. There is no loss of heat to surrounding. 

(a) Find the heat lost by calorimeter only 
(b) Find the value of m. 
Q.9 Two identical calorimeters A and B contain equal quantity of water at 20°C. A 5g piece of metal X of 

specific heat 0.2 cal g"1 (C0)-1 is dropped into A and a 5g piece of metal Y into B. The equilibrium 
temperature in A is 22°C and B is 23°C. The initial temperature of both the metals is 40°C. The specific 
heat of metal Y in cal g"1 ( C V is . 

Q. 10 The specific gravity of ice is 0.92. A metal of mass 1 Ogm at 100°C is immersed in a mixture of ice and 
water and the volume of mixture is found to be reduced by 0.1 cm3 without change of temperatures. 
Find the specific heat of metal assuming the specfic gravity of water at 0°C to be unity and the latent heat 
of fusion of ice to be 80cai/gm. 

I 
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Q. 1 Some steam at 100°C is passed into 1.1 kg of water contained in a calorimeter of water equivalent 
0.02 kg at 15°C so that the temperature of the calorimeter and its contents rises to 80°C. What is the 
mass of steam condensing, (in kg) 
(A) 0.130 (B) 0.065 (C) 0.260 (D) 0.135 

Q. 2 The ratio of densities of two bodies is 3:4 and the ratio of their specific heats is 4:3. The ratio of their heat 
capacities per unit volume is 
(A) 1:1 (B) 1:3 (C)9:16 (D)16:9 

Q. 3 A container is filled with water at 4°C. At one time the temperature is increased by few degrees above 
4°C and at another time it is decreased by few degrees below 4°C. One shall observe that: 
(A) the level remains constant in each case 
(B) water overflows in both the cases 
(C) water overflows in the latter case, while come down in the previous case 
(D) in previous case water overflows while in later case its levels comes down 

Q.4 Two liquids A and B are at 30°C and 20°C. When mixed in equal masses the temperature ofthe mixture 
is found to be 26°C. The ratio of specific heats of A and B is 
(A) 3:2 (B)2:3 (C) 1:1 

Q. 5 The graph shown in the figure represent change in the temperature of 5 
kg of a substance as it abosrbs heat at a constant rate of 42 kJ min - 1 . 
The latent heat of vapourazation of the substance is: 
(A) 630 kJ kg-1 

(B) 126 kJ kg - 1 

(C) 84 kJ kg-1 

(D) 12.6 kJ kg-1 

Q.6 A rod of length 1000 mm and coefficient of linear expansion a = 10"4 per degree is placed symmetrically 
between fixed walls separated by 1001 mm. The Young's modulus of the rod is 10H N/m2 . If the 
temperature is increased by 20°C, then the stress developed in the rod is (in N/m2) : 
(A) 10 (B) 108 

( C ) 2 x l 0 8 (D) cannot be calculated N i o o i m m w 

Q.7 When the temperature of a copper coin is raised by 80°C, its diameter increases by 0.2%. 
(A) Percentage rise in the area of a face is 0.4 % 
(B) Percentage rise in the thickness is 0.4 % 
(C) Percentage rise in the volume is 0.6 % 
(D) Coefficient of linear expansion of copper is 0.25 x 10'4 C° . 

Q.8 A steel wire (Y = 200 GPa, a - 1 x 10-5/K) of length 1 m and cross-sectional are = 0.2 mm2 is joined 
end to end with an aluminium alloy wire (Y = 100 GPa, a = 2 x 10-5 /K) of length 50 cm and 
cross-sectional are = 0.5 mm2 . The free ends of the composite wire are fixed on rigid supports at 
T = 10°C, with negligible tension. Then the temperature of the two wires is lowered by 20°C. What is 
the tension developed in the composite wire? 

Q.9 Two bodies of equal masses are heated at a uniform rate under 
identical conditions. The change in temperature in the two cases is 
shown graphically. What are their melting points? 
Find the ratio of their specific heats and latent heats. 1 2 3 4 5 5 7 

Q.10 3 identical calorimeters contain respectively lOOgofwater, 140g of water and lOOg of liquid X. When 
heat is supplied to these calorimeters at same constant rate, it is found that after a given time interval, the 
respective rises in temperatures are 12°C, 9°C and 16°C. Find (a) the thermal capacity of each of the 
calorimeters (b) the specific heat of the liquid X. 

1000 mm 
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Q 3 

Q.4 

Q.5 

Q.6 

Q.7 

Q.8 

Q.9 

Q.10 

Q.ll 

During an experiment an ideal gas oberys an addition equation of state P2V = constant. The initial 
temperature and pressure of gas are T and V respectively. When it expands to volume 2 V, then its 
temperature will be: 
(A)T (B)V2T (C)2T (D) 2 T 
Hydrogen gas and oxygen gas have volume 1 cm3 each at N.T.P. 
(A) Number of molecules is same in both the gases. 
(B) The rms velocity of molecules of both the gases is the same. 
(C) The internal energy of each gases is the same 
(D) The average velocity of molecules of each gas is the same. 
An ideal gas undergoes a thermodynamics cycle as shown in figure. 
Which of the following graphs represents the same cycle? 

(A) (B) yd (C) (D) 

r 
A barometer tube, containing mercury, is lowered in a vessel containing mercury until only 50 cm ofthe 
tube is above the level of mercury in file vessel. If the atmospheric pressure is 75 cm of mercury, what is 
the pressure at the top of the tube? 
(A) 33.3 kPa (B)66.7kPa (C) 3.33 MPa (D)6.67MPa 
A gas expands obeying the relation as shown in the P/V diagram. The maximum f ' 
temperature in this process is equal to P 

(A) 
PoVn 

(B) 
3PftVn 

(C) 
9PftVn 

(D) None of these 

(p0y0) 
. . A o v 2 ' 2 V o) 

R R v ' 8R 
A gas is enclosed in a vessel at a constant temperature at a pressure of 5 atmosphere and volume 4 litre. 
Due to a leakage in the vessel, after some time, the pressure is reduced to 4 atmosphere. As a result, the 
(A) volume of the gas decreased by 20% (B) average K.E. of gas molecule decreases by 20% 
(C) 20% of the gas escaped due to the leakage (D) 25% of the gas escaped due to the leakage 
For an ideal gas at absolute temperature T, temperature coefficient of volume expansion for an isobaric 
process is . 
A mercury barometer (which is basically a vertical tube whose one end is open and dipped in mercury, the 
end of the tube is closed) whose scale is on the stand behind the glass tube, reads 740 mm. Because of the 
low reading, it is suspected that some air is present in the space above the mercuiy. The space is 60 mm 
long. The open end of the barometer is lowered farther into the mercury reservoir. When the barometer 
reading is 730 mm, the space above the mercury is 40 mm long. What is the true atmospheric pressure? 
Consider the shown diagram where the two chambers separated by piston-spring 
arrangement contain equal amounts of certain ideal gas. There is vacuum between 
the tight fitting pistons. Initially when the temperatures ofthe gas in both the chambers 
are kept at 300 K. The compression in the spring is 1 m. The temperature of the 
left and the right chambers are now raised to 400 K and 500 K respectively. If the 
pistons are free to slide, find the final compression in the spring. 

A 20 litre vessel is filled with air at a pressure of 0.4MPa and connecting to another vessel from which 
all the air has been pumped out. The pressure in the two vessels equalise at 1 x 105 Pa. Assuming the 
process to be isothennal, find the volume of the second vessel. 
A vessel ofvolume V=30 litre contains an ideal gas at temperature T=27°C. Keeping temperature constant, 
a part of gas is allowed to escape from the vessel causing the pressure to fall down by AP=0.5 atm. Find the 
mass of gas released. It's density under normal condition is p = 1.25 g/'litre. 

H: 
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Q.l 

Q.2 

Q.3 

Q.4 

Q.5 

Q.6 

Q.7 

Q.8 

Q.9 

N( <100) molecules of a gas have velocities!, 2,3 N/km/s respectively. Then 
(A) rms speed and average speed of molecules is same. 
(B) ratio of rms speed to average speed is V(2N+1)(N+1)/6N 
(C) ratio of rms speed to average speed is V(2N+l)(N+l)/6 
(D) ratio of rms speed to average speed of a molecule is 2/V6 x V(2N+1)/(N+1) 
A cyclic process ABCA is shown in PT diagram. When presented on PV, it would 

(A) F A o> (C) P 3 (D) 
V. 

A vessel with open mouth contains air at 60°C. When the vessel is heated upto temperature T, one fourth 
of the air goes out. The value of T is 
(A) 80°C (B) 171°C (C)333°C (D)444°C 
Five particles have speeds 1,2,3,4,5 m/s. the average velocity of the particles is (in m/s) 
(A) 3 (B) 0 (C) 2.5 (D) cannot be calculated. 
During an experiment, an ideal gas is found to obey a condition VP2 = constant. The gas is initially at a 
temperature T, pressure P and volume V. The gas expands to volume 4V. 

P 
(A) The pressure of gas changes to — 

(B) The temperature of gas changes to 4T 
(C) The graph of above process on the P-T diagram is parabola 
(D) The graph of above process on the P-T diagram is hyperbola. 

P2 

During an experiment, an ideal gas is found to obey a condition — = constant [p = density ofthe gas]. 

The gas is initially at temperature T, pressure P and density p. The gas expands such that density changes to p/2. 
(A) The pressure of the gas changes to-J2 P 

(B) The temperature of the gas changes to ^2 T 
(C) The graph of above process on the P-T diagram is parabola 
(D) The graph of the above process on the P-T diagram is hyperbola. 
A vessel of volume F=51itre contains m = 1.4gm of nitrogen at a temperature T= 1800K. Find the gas 
pressure, taking into account that r\ 30% of molecules are dissociated into atoms at this temperature. 
Consider an ideal gas whose pressure varies with volume according to relation p=p0 - aV2, where p0 
and a are positive constant. If we subject the gas to different pressures what is the maximum temperature 
that the gas may attain. 
Ther.m.s. speed ofamolcule of oxygen at 127°C is half that of a molecule hydrogen at 

Q . 10 Two identical containers joined by a small pipe initially contain the same gas at pressure p0 and absolute 
temperature T0. One container is now maintained at the same temperature while the other is heated to 
2T0. The common pressure of the gases will be . 

Q.ll In the previous problem, let VQ be the volume of each container. All other details remain the same. The 
number of moles of gas in the container at temperature 2T0 will be . 

I 
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Q.l 28 gm of N2 gas is contained in a flask at a pressure of 10 atm and at a temperature of 57°. It is found 

that due to leakage in the flask, the pressure is reduced to half and the temperature reduced to 27°C. 
The quantity of N2 gas that leaked out is 
(A) ll/20gm (B) 20/11 gm (C) 5/63 gm (D)63/5gm 

Q.2 Two monoatomic ideal gas at temperature Tj and T2 are mixed. There is no loss of energy. If the masses 
of molecules of the two gases are m, and m2 and number of their molecules are n} and n2 respectively. 
The temperature of the mixture will be: 

T, +Tj T, T, n2Ti + n,T2 n ^ + n ^ 

Q.3 If a mixture of 28 g of Nitrogen, 4 g of Hydrogen and 8 gm of Helium is contained in a vessel at 
temperature 400 K and pressure 8.3 x 105 Pa, the density of the mixture will be: 
(A) 3 kg/m3 (B) 0.2 kg/m3 (C)2g/litre (D) 1.5 g/litre 

Q.4 In case of hydrogen and oxygen at N.T.P., which of the following quantities is / are the same? 
(A) average momentum per molecule (B) average kinetic energy per molecule 
(C) kinetic energy per unit volume (D) kinetic energy per unit mass 

Q.5 A cylinder containing gas at 27°C is divided into two parts of equal volume each 1 OOcc and at equal 
pressure by a piston of cross sectional area 10.85 cm2. The gas in one part is raised in temperature to 
100°C while the other maintained at original temperature. The piston and wall are perfect insulators. 
How far will the piston move during the change in temperature? 
(A) lcm (B) 2 cm (C) 0.5 cm (D) 1.5 cm 

Q.6 12gmsofgas occupy a volume of 4x10~3 m3 at a temperature of 7°C. After the gas is heated at constant 
pressure its density becomes 6 x 10^gm/cc. What is the temperature to which the gas was heated. 
(A)1000K (B) 1400K (C) 1200K (D) 800K 

Q. 7 An empty cylinder bucket 30cm in diameter and 50cm long whose wall thickness ErErEEEErE 
and weight can be considered negligible is entered open end (top) first, into 
water until its bottom is 4m below the surface. What force is required to keep 
it submerged.Consider process to be isothermal. 

Q.8 20gm of He enclosed in a cylinder under a piston is transferred 
quasistatically from state A at pressure 18 atm and volume 4 lit. to state 
B 15.8 atm and volume 8.4 lit. as shown in the fig. (a) Draw the process 
on the T-V diagram, (b) Find the maximum temperature of the gas during 
the process. 

Q.9 Explain whether (a) T2 > T, (b) P2 > Pj 
(c) V2 > Vj or otherwise in fig. A, B and C 
which represent isothermal, isobaric and 
isochoric process respectively. (A) I L' (B> (C) 

Q. 10 One gramme mole of oxygen at 27°C and one atmospheric pressure is enclosed in a cubical vessel, (i) 
Assuming the molecules to be moving with vm s equally in all direction 1 to wall, find the number of 
collisions per second which the molecuels make against one square metre of the vessel wall, (ii) The 
vessel is next thermally insulated and moved with a speed vQ. It is then suddenly stopped. The process 
results in the rise of temperature of the gas by AT = 1 °C. Calculate the speed vQ. 

Q.ll Two ideal monoatomic & diatomic gases are mixed with one another to form an ideal gas mixture. The 
equation ofthe adiabatic process of the mixture is PVr = constant, where y= 11/7. If n, & n2 are 
the number of moles of the mono atomic & diatomic gases in the mixture respectively, find the ratio n,/^. 

I 
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Q.l 

Q.2 

Q.3 

Q.4 

Q.5 

Q.6 

Q.7 

Q.8 

A cyclic process ABCD is shown in the p-V diagram. Which of the 
following curves represents the same process ifBC & DA are isothermal 
processes 

(A) 3 cbjJQ (D)jQ 
The expansion of an ideal gas of mass m at a constant pressure P is 
given by the straight line B. Then the expansion of the same ideal gas of 
mass 2 m at a pressure 2P is given by the straight line 
(A) C (B)A (C)B (D) none 

Volume 

7 > 

Temperature 

A vessel contains 1 mole of 0 2 gas (molar mass 32) at a temperature T. The pressure of the gas is P. An 
identical vessel containing one mole of He gas (molar mass 4) at a temperature 2T has a pressure of 
(A) P/8 (B)P (C)2P (D)8P 
A container X has volume double that of contianer Y and both are connected by a thin tube. Both 
contains same ideal gas. The temperature of X is 200K and that of Y is 400K. If mass of gas in X is m 
then inYit will be: 
(A) m/8 (B) m/6 (C)m/4 (D)m/2 

A container holds 1026 molecules/m3, each of mass 3 * 10"27 kg. Assume that 1 /6 of the molecules 
move with velocity 2000 m/s directly towards one wall of the container while the remaining 5/6 of the 
molecules move either away from the wall or in perpendicular direciton, and all collisions of the molecules 
with the wall are elastic 
(A) number of molecules hitting 1 m2 ofthe wall every second is 3.33 * 1028. 
(B) number of molecules hitting 1 m2 of the wall every second is 2 x 1029. 
(C) pressure exerted on the wall by molecules is 24 x 105Pa. 
(D) pressure exerted on the wall by molecules is 4 x 105Pa. 

At temperature T, N molecules of gas Aeac having mass m and at the same temperature 2N molecules 
of gas B each having mass 2m are filled in a container. The mean sqaure velocity of molecules of gas B 
is v2 and mean square of x component of velocity of molecules of gas A is w2. The ratio of w2/v2 is: 
(A) 1 (B)2 (C) 1/3 (D)2/3 

5 gm of Helium having r.m.s. speed of molecules 1000 m/s and 24 gm of oxygen having r.m.s. speed of 
1000 m/s are introduced into a thermally isolated vessel. Find the r.m.s. speeds ofhelium and oxygen 
individually when thermal equilibrium is attained. 

A cylinder 1 m long with a thin, massless piston clamped in such a way that it divided the cylinder into two equal 
parts. The cylinder is in a large bath at T=300 K. The left side of the cylinder contains 1 mole ofHelium gas 
at 4 atm. The right side contains helium gas at a pressure of 1 atm. Let the piston be slowly released. Find 
the equilibrium position of the piston 
the heat transmitted to the bath in the process, when the equilibrium is established. 

I 



Q. 9 One mole of an ideal mono-atomic gas is contained in a piston-cylinder arrangement 
as shown in the figure. The gas is initially at a pressure of 1 atom and temperature 
27°C. The piston has cross-sectional area 0.005 m 2 and is connected to an 
undeformed spring of force constant 104 Nm~}. How much heat must be added to 
the gas to increase the pressure to 3 atm. 

• k=104Nm-i 

Q. 10 One mole of an ideal monoatomic gas performs a cyclic process as 
shown in the figure. 
A - » B : isochoric heating 
B C : isobaric expansion 
C D : straight line from C to D 
D -> A : isobaric compression 
The temperatures in the states A, B and C are T 0 , 2T 0 and 4T0 respectively. Points C and D lie on the 
same isotherm. Find the work done by the gas during the cycle. 

Isothermal 

J' 

Q . l l Two moles of an ideal monatomic gas undergoes a cyclic process as shown in the 
figure. The temperature in different states are 6Tj = 3T2 = 2 T 4 = T 3 = 1800 K. 
Determine the work done by the gas during the cycle. 

I 
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Q.l An ideal gas of Molar mass M is contained in a vertical tube of height H, closed at both ends. The tube 
is accelerating vertically upwards with acceleration g. Then, the ratio of pressure at the bottom and the 
mid point of the tube will be 
(A) exp[2MgHXRT] (B) exp[-2MgH/RT] (C) exp[MgH/RT] (D) MgH/RT 

Q.2 Considere the thermodynamics cycle shown on PV diagram. The process 
A -» B is isobaric, B -* C is isochoric and C -» A is a straight line 
process. The following internal energy and heat are given: 

AUa B = + 400 kJ and QB ̂  c = - 500 kJ 
The heat flow in the process Qc __>Ais: 
(A) - 20 kJ (B) + 25 kJ (C)-25kJ (D) Data are insufficient 

Q.3 1 kg ofa gas does 20 kJofwork and receives 16 kJofheat when it is expanded between two states. A 
second kind of expansion can be found between the initial and final state which requires a heat input of 
9 kJ. The work done by the gas in the second expansion is: 
(A) 32 kJ (B) 5 kJ (C) -4kJ (D)13kJ 

Q. 4 A vessel contains an ideal monoatomic gas which expands at constant pressure, when heat Q is given to 
it. Then the work done in expansion is: 

(A)Q ( B ) | Q ( C ) | Q ( D ) | Q 

Q.5 One mole of an ideal monoatomic gas at temperature T0 expands slowly according to the law 
P/V = constant. If the final temperature is 2 T0, heat supplied to the gas is: 

(A)2RT0 ( B ) | R T 0 (C)RTq (D) | RT0 

Q. 6 One mole of a gas expands with temperature according to the relation V = kT2/3. What is the workdone 
when the temperature changes by 30°C? 
(A)10R (B) 20R (C) 3 OR 

Q.7 One mole ofa gas (y = 1.5) is taken through a cycle AB CD where, 
AB —> adiabatic process 
BC -»isothermal process 
CD -> isobaric process 
AB -» adiabatic process 
Find the work done by the gas and also change in its internal energy in each process. Also find heat 
exchanged in each process. 

(D) 40R 

Q.8 Determine the work W done by an ideal gas during a closed cycle 
1 -»4->3-»2-» 1 shown in the Figure if pj = 105Pa, p0 = 3 x 105Pa, 
p2 = 4 x 105Pa, V2-Vj = 10/, and segments 4-3 and 2-1 ofthe cycle are 
parallel to the Y-axis. 



1 

Q.9 One mole of a mono-atomic ideal gas is to be taken from state A (P0 , V0) to the state 
B (PQ/2 , V0). The transfer of state is done in two different ways: 

[1] The gas first expands from Aisobarcally and then compressed to B in such a manner that its pressure is 
directly proportional to volume. 

[2] The gas first undergoes an isothermal expansion from A & then is compressed to B through an isobaric 
process. 

(a) Draw the P-V diagrams for both process 1 & 2. 
(b) Calculate the work done W, & W2 for each process. 
(c) Calculate the ratio Q / Q j where Qj = heat transfer in process 1 and Q2-heat transfer in process 2. 

Q. 10 n moles of an ideal gas having adiabatic exponent y undergoes a 
thermodynamic cycle shown in figure. Calculate its efficiency. 

Q.ll 3 moles of a diatomic ideal gas is enclosed in an adiabatic vertical cylinder fitted with a 
smooth, light adiabatic piston. The piston is connected to massless spring as shown 
having spring constants k, = 300 N/m and k^=200 N/m. Area of cross-section of the 
cylinder is 20 cm2. Initially both the springs were at their natural length and the temperature 
ofthe gas is 300 k. Atmospheric pressure 100 kPa. The gas is heated slowly using a 
heating coil as shown so as to move the piston by 20 cm. Find the 

(a) work done by the gas 
(b) final temperature ofthe gas 
(c) heat supplied by the heater. 

I 
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Q.l A metallic rod of cross-sectional area 9.0 cm2 and length 0.54 m, with the surface insulated to prevent 

heat loss, has one end immersed in boiling water and the other in ice-water mixture. The heat conducted 
through the rod melts the ice at the rate of 1 gm for every 33 sec. The thermal conductivity ofthe rod is 
(A) 330 Wnr1 Kr1 (B) 60 Wnr ! K"1 (C) 600 Wm 1 K 1 (D) 33 Wirr1 K 1 

Q. 2 Two sheets of thickness d and 3 d, are touching each other. The temperature just outside the thinner sheet 
side is A, and on the side of the thicker sheet is C. The interface temperature is B. A, B and C are in 
arithmetic progressing, the ratio of thermal conductivity of thinner sheet and thicker sheet is 
(A) 1:3 (B)3 : l (C)2:3 (D) 1 : 9 

Q. 3 A hollow sphere of inner radius R and outer radius 2Ris made of a material of thermal conductivity K. It is 
surrounded by another hollow sphere of inner radius 2R and outer radius 3 R made of same material of 
thermal conductivity K. The inside of smaller sphere is maintained at 0°C and the outside of bigger sphere 
at 100°C. The system is in steady state. The temperature of the interface will be: 
(A) 50°C (B) 70°C (C) 75°C (D)45°C 

Q.4 A cylindrical rod with one end in a steam chamber and the outer end in ice results in melting of 0.1 gm of ice 
per second. If the rod is replaced by another with halfthe length and double the radius of the first and if the 
thermal conductivity of material of second rod is 1 /4 that of first, the rate at which ice melts is gm/sec will be 
(A) 3.2 (B) 1.6 (C) 0.2 (D)0.1 

Q. 5 Three identical rods AB, CD and PQ are joined as shown. P and Q are mid o°c 
points of AB and CD respectively. Ends A, B, C and D are maintained at A 

0°C, 100°C, 30°C and 60°C respectively. The direction of heat flow in PQ is 
(A) from P to Q (B) from Q to P 
(C) heat does not flow in PQ (D) data not sufficient 

100°C D 

Q.6 In a 10-meter-deep lake, the bottom is at a constant temperature of 4°C. The air temperature is constant 
at -4°C. The thermal conductivity of ice is 3 times that of water. Neglecting the expansion of water on 
freezing, the maximum thickness of ice will be . 

Q.7 Three rods AO, BO and CO having equal lengths and equal area of cross 
section are connected as shown in the figure. The temperature of ends A, B 
and C are 30°C, 60°C and 90° respectively. The thermal conductivities of 
rods AO, BO and CO are in the ratio of 1 :2 : 3. What is the temperature 
of junction O? 

Q. 8 One end of a uniform brass rod 20cm long and the 10cm2 cross-sectional area is kept at 100°C. The 
other end is in perfect thermal contact with another rod of identical cross-section and length 10cm. The 
free end of this rod is kept in melting ice and when the compo site rod is well lagged and steady state has 
been reached, it is found that 360gm of ice melt per hour. Calculate the thermal conductivity of the rod, 
given that the thermal conductivity of brass is 0.25 cal/s/cm/°C and L = 80 cal/gm. 

Q. 9 One end of a uniform rod of length 1 m is placed in boiling water while its other end is placed in melting 
ice. Apoint P on the rod is maintained at a constant temperature of800°C. The mass of steam produced 
per second is equal to the mass of ice melted per second. If specific latent heat of steam is 7 times the 
specific latent heat of ice, the distance of P from the steam chamber must be . 

Q. 10 An electric heater is used in a room of total wall area 100 m2 to maintain a constant temperature of 20°C 
inside when the outside temperature is -10°C. The walls have three different layers. The innermost layer 
is of wood of thickness 2 cm, the middle layer is of cement of thickness 1 cm and the outermost layer is 
of brick ofthickness 10 cm. Assuming that there is no loss of heat from the floor and the ceiling, find the 
power ofthe heater. The thermal conductivities of wood, cement and brick are 0.1,0.2 and 0.5 W/m°C. 
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Q. 1 The clock used to maintain Indian Standard time is 

(A) Pendulum clock (B) Cesium Atomic Clock(C) Quartz clock (D)None 
Q.2 A laser light pulse beamed at moon takes 2.56 s to return to earth. Radius of lunar orbit around earth is 

(A) 3.84 x 105 km (B)7.68 x 105km (C) i 92 x l05km (D) 7.68 x 104 km 
Q.3 A box of mass m is released from rest at position 1 on the frictionless curved 

track shown. It slides a distance d along the track in time t to reach position 2, 
dropping a vertical distance h. Let v and a be the instantaneous speed and 
instantaneous acceleration, respectively, of the box at position 2. Which ofthe 
following equations is valid for this situation? 
(A) h = vt (B)h = (l/2)gt2 (C) d = (l/2)at2 (D)mgh=(l/2)mv2 

Q.4 A piston is slowly pushed into a metal cylinder containing an ideal gas. Which ofthe following statements 
is incorrect? 
(A) The pressure of the gas increases 
(B) The number of the molecules per unit volume increases 
(C) The average speed of gas molecules increases 
(D) The frequency of collision of the gas molecules with the piston increases. 

Q. 5 Which ofthe following statements is not an assumption ofthe kinetic theory for an ideal gas? 
(A) The duration of a collision is negligible as compared to the time between successive collisions 
(B) The molecules have negligible attraction for each other 
(C) The molecules have negligible momentum change on collision with the container walls 
(D) There is no total kinetic energy change of the molecules on colliding with each other or with the walls 

of the container. 
Q. 6 A closed container is fully insulated from outside. One half of it is filled with an 

ideal gas X separated by a plate P from the other half Y which contains a vacuum 
as shown in figure. When P is removed, X moves into Y. Which of the following 
statements is correct? 
(A) No work is done by X (B) X decreases in temperature 
(C) X increases in internal energy (D) X doubles in pressure 

Q.7 The first law of thermodynamics can be written as AU = AQ + AW for an ideal gas. Which ofthe 
following statements is correct? 
(A) AU is always zero when no heat enters or leaves the gas 
(B) AW is the work done by the gas in this written law. 
(C) AU is zero when heat is supplied and the temperature stays constant 
(D) AQ=-AW when the temperature increases very slowly. 

Q. 8 Figure, shows how the potential energy V for two neighbouring atoms varies with their separation r. 
Which statement is correct? 
(A) the atoms are in equilibrium at separation OX 
(B) the slope of the curve at Z is related to Hooke's law 
(C) the force between atoms is repulsive for separation less than OY 
(D) the force between atoms is repulsive for separation greater than O Y Eo 

Q. 9 Figure, shows roughly how the force F between two adjacent atoms in a solid 
varies with separation r. Which statements are correct? 
[1] OQ is the equilibrium separation 
[2] Hooke's law is obeyed around P 
[3] The potential energy of the atoms is the gradient of the graph at all points 
[4] The energy to separate the atoms completely is obtained from the area enclosed below the axis of r 
(A) 1 and 2 only (B) 2 and 4 only (C) 1 and 3 only (D) 1,2,3 only 

X Y 
gas vacuum 

P 



Q. 10 An experiment is perfomed to measure the specific heat of copper. A lump of copper is heated in an 
oven, then dropped into a beaker of water. To c alculate the specific heat of copper, the experimenter 
must know or measure the value of all of the quantities below EXCEPT the 
(A) heat capacity of water and beaker 
(B) original temperature of the copper and the water 
(C) final (equilibrium) temperature of the copper and the water 
(D) time taken to achieve equilibrium after the copper is dropped into the water 

Q.ll A ball rolls down an inclined plane, figure. The ball is first released from 
rest from P and then later from Q. Which of the following statement is/ 
are correct? 
(i) The ball takes twice as much time to roll from Q to O as it does to 
roll from P to O. 
(ii) The acceleration of the ball at Q is twice as large as the acceleration 
at P. 
(iii) The ball has twice as much K.E. at O when rolling from Q as it does 
when rolling from P. 
(A) i, ii only (B) ii, iii only (C) i only 

Q. 12 Consider the following statements 
Assertion (A): The moment of inertia of a rigid body reduces to its minimum value as compared to any 
other parallel axis when the axis of rotation passes through its centre of mass. 
Reason (R): The weight of a rigid body always acts through its centre of gravity. 
Of these statements: 
(A) both A and R are true and R is the correct explanation of A 
(B) both A and R are true but R is not a correct explanation of A 
(C) A is true but R is false 
(D) A is false but R is true 

Q. 13 A ball is projected vertically upwards. Air resistance & variation in g may be neglected. The ball rises to 
its maximum height H in a time T, the height being h after a time t 
[1] The graph ofkinetic energy Ek ofthe ball against height his shown in figure 1 
[2] The graph of height h against time t is shown in figure 2 
[3] The graph of gravitational energy E of the ball against height h is shown in figure 3 

(D) iii only 

Q.14 

Q.15 

H 

F i g . 1 

E0 

T 
Fig. 2 

H 
Fig. 3 

Which of A, B, C, D, E shows the correct answers? 
(A) 3 only (B) 1,2 (C) 2, 3 

A 4-kilogram disk slides over level ice toward the east at a velocity of 
1 meter per second, as shown. The disk strikes a post and rebounds 
toward the north at the same speed. The change in the magnitude of the 
eastward component of the momentum of the disk is 
(A) -4 kg-m/s (B) -1 kg-m/s (C) 0 kg-m/s 

(D) 1 only 

( ^ T m 7 r < 0 > 
D i s k „ X . Top View 

(D) 4 kg-m/s 

N 
W«-J-*E 

The force (F) - extension (e) graph of figure shows that the work done by 20 
external agent in slowly streching the material under test for an extension of 15 

4 m is greater than 
(A) 100 J (B) 80 J (C) 60 J (D) 40 J 

e(m) 
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Q. 1 Figure shows three situations involving a plane that is not frictionless and a block sliding along the plane. 

The block begins with the same speed in all three situations and slides until the kinetic fiictional force has 
stopped it. Rank the situations according to the increase in thermal energy due to the sliding (neglecting 
losses to surrounding), in order taking the greatest first. 

(i) / (ii) ^ (iii) 
(A)(ii),(i),(iii) (B) (iii), (i), (ii) (C) (ii), (iii), (i) (D) (iii), (ii), (i) 

Q.2 A particle ofmass mis moving under the force F. If | F j is constant, then the possible path ofthe particle 
canneverbe 
(A) rectilinear (B) circular (C) parabolic (D)none 

Q.3 The temperature of a body falls from 52°C to 36°C in 10 minutes when placed in a surrounding of 
constant temperature 20°C. What will be the temperature of the body after another 10 min. (Use Newton's 
law of cooling) 

(A) 28 °C (B) 20°C (C) 32°C (D)24°C 

Question No. 4 to 6 
The axis of the uniform cylinder in figure is fixed. The cylinder is initially at rest. 
The block of mass M is initially moving to the right without friction and with 
speed Vj. It passes over the cylinder to the dashed position. When it first makes 
contact with the cylinder, it slips on the cylinder, but the friction is large enough v̂  Vz-» 
so that slipping ceases before M loses contact with the cylinder. The cylinder I 1 
has a radius Rand a rotational inertia I. I I^M 1 

Q. 4 For the entire process the quantity (ies) which will remain conserved for the (cylinder+block) system 
is/are (Angular momentum is considered about the cylinder axis) 
(A) mechanical energy, momentum and angular momentum 
(B) mechanical energy & angular momentum only 
(C) momentum & angular momentum only 
(D) angular momentum only 

Q.5 Ifw is the final angular velocity ofthe cylinder, then 
(A) VJ = ©R (B)V2 = QR (C) VJ < ©R (D)none 

Q.6 Question given below consists of two statements each printed as Assertion (A) and Reason (R); while 
answering the question you are required to choose any one of the following four responses on the basis 
of above situation 
(A) if both (A) and (R) are true and (R) is the correct explanation of (A) 
(B) if both (A) and (R) are true but (R) is not correct explanation of (A) 
(C) if (A) is true but (R) is false 
(D) if (A) is false and (R) is true 
Assertion: Momentum of the block-cylinder system is conserved. 
Reason: Force of friction between block and cylinder is internal force of block-cylinder system. 



Question No. 7 to 8 P 
The dot in figure represents the initial state of a gas. An adiabat divides the p-V 
diagram into regions 1 and 2 as shown. 

Q. 7 For which of the following processes, the corresponding heat supplied to the 
system Q is positive 
(A) the gas moves up along the adiabat, (B) it moves down along the adiabat, 
(C) it moves to anywhere in region 1, (D) it moves to anywhere in region 2. 

Q. 8 As the gas moves down along the adiabatic, the temperature 
(A) increases (B) decreases 
(C) remains constant (D) variation depends on type of gas 

Question No. 9 to 11 
Two containers of sand S and H are arranged like the blocks figure I. The containers alone have negligible 
mass; the sand in them has a total mass M^; the sand in the hanging container H has mass m. You are to 
measure the magnitude a of the acceleration of the system in a series of experiments where m varies from 
experiment to experiment but Mtot does not; that is, you will shift sand between the containers before 

m 
each trial, is taken on the horizontal axis for all the plots. 

m' 
S 

mill IIIUIIII mmimmi 

5 i a 

1 11 " M t o t 

Q. 9 The plot in figure II which gives the acceleration magnitude of the containers (taken on y-axis) as a 

function of ratio 

(A)l 

M t 

0 ) 3 (C)4 (D)5 

Q.10 The curvewhich gives tension in the connecting string (taken on y-axis) as a function of ratio ^ J is: 

(A)l (B)2 (C)4 (D)5 

Q.ll The curve which gives the magnitude of net force, on container H (taken on y-axis) as a function of ratio 

m 

(A)l (B)2 (C)4 (D)5 



Question No. 12 to 13 
Figure shows top views of three two-dimensional explosions in which a stationary object is blown by a 
small firecracker into three pieces, seven pieces, and nine pieces. The pieces then slide over a frictionless 
floor. For each situation, figure also shows the directions and magnitudes of (linear) momentum vectors 
of all except one piece which is darkened in the figures; that piece has momentum F . The numbers next 
to the vectors are the magnitudes of the momentum (in kilogram-meters per second). Take coordinate 
axes x and y as shown. 

Q.12 

Q. 13 

The magnitude of momentum F is: 
(A) Maximum for situation (1) 
(C) Maximumfor situation (3) 
y-component of momentum F is: 
(A) Maximumfor situation (1) 
(C) Maximumfor situation (3) 

(B) Maximum for situation (2) 
(D) Same for all situations 

(B) Maximum for situation (2) 
(D) Same for all situations 

Q.14 

Q.15 

Question No. 14 to 15 
Figure gives the velocity v versus time t graph of a 3' 
carriage of constant mass being moved along an axis 2 
by applying force. The time axis shows four time periods, A 
with Atj = A^ = At3 and At4 = 2At, 

The work done by the force is maxmum during which time period 
(A) At3 and At4 (B) At,, At3 and At4 (C) Only At3 

The rate at which work done is maximum 
(A) Only At, (B) At, and At3 (C) Only At3 

Atj At2 At3 • 

(D) Only At4 

(D) Only At4 
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Q.l A spherical black body with a radius of 12 cm radiates 450W power at 500K. If the radius were halved 

and the temperature doubled, the power radiated in watts would be 

Q. 2 The temperature of blackbody is increased by 1%. The amount of radiation emitted by it increases by . 

Q. 3 A sphere, a cube and a thin circular plate are heated to the same temperature. If they are made of same 
material and have equal masses then determine which of these three objects cools the fastest and which 
one cools the slowest? 

Q.4 The energy radiated by a black body at 2300 K is found to have the maximum at a wavelength 1260 nm, 
its emissive power being 8000 WITT2. When the body is cooled to a temperature T K, the emissive 
power is found to decrease to 500 Wnr2. Find: 

(i) the temperature T 
(ii) the wave length at which intensity of emission in maximum at the temperature T. 

Q.5 At a temperature T,, a body radiates maximum energy corresponding to a wavelength of3000 A. On 
increasing its temperature to T2, the maximum energy is radiated for wavelength of 2000 A. The 
surroundings are at 300 K, if the rate of loss of energy by the body at temperature T2 is 6 times that at 
temperature T,, find the temperatures Tj and T2. 

Q.6 A cylinder fitted with a metal piston contains water and steam at constant temperature 
as in fig. The cross-sectional area of the cylinder is 2.5 cm2. The piston is falling at a 
rate of 0.25 cm/sec. The density of steam under the piston is 6.0 x lO^gm/cm3. 
Find 

(i) the rate of condensation of steam 
(ii) the rate with which heat is leaving the chamber. (Lv = 2.25 x 106 J/kg) 

Q.7 A body cools from 50° C to 40°C in 5 minutes. The surrounding temperature is 20°C. What will be its 
temperature 5 minutes after reading 40°C? Use approximate method. 

Q. 8 A solid copper sphere (density p, specific heat C) of radius r at an initial temperature 200 K is suspended 
inside a chamber whose walls are at almost 0 K. Calculate the time required for the temperature of the 
sphere to drop to 100K. Neglect the effect of thermal contraction. 

Q. 9 The solar constant for a planet is S. The surface temperature of the sun is T K. The sun subtends an angle 
9 at the planet. Find S. 
[Note: Solar constant is rate at which radiations are received from sun per unit surface area] 

Q. 10 A highly conducting solid sphere of radius R, density p and specific heat s is kept in an evacuated 
chamber. A parallel beam of electromagnetic radiation having uniform intensity I is incident on its surface. 
Assuming surface of the sphere to be perfectly black and its temperature at t = 0 to be equal to T0, 
Calculate maximum attainable temperature of the sphere. (Stefan's constant=a) 
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Question No. 1 to 2 
Two blocks of masses 3 kg and 6 kg rest on on a horizontal frictionless 
surface. The 3 kg block is attached to a spring with a force constant 51 R 2 m

 !J"ii—1 £ 
K = 900 N/m which is compressed 2 m initially from its equilibrium i j^ iW^j^ l*^! k

6
g j | 

position. When 3 kg mass is released, it strikes the 6 kg mass and the ' equilibrium 
two stick together. position 

Q.l The common velocity ofthe blocks after collision is 
(A) 10 m/s (B) 30 m/s (C) 15 m/s (D)2m/s 

Q.2 The amplitude of resulting oscillation after the collision is 

(A)-JJ-m ( B ) ^ j m (C) 4l m (D)V3m 

Question No. 3 to 4 
A particle is projected with speed 100 m/s at angle 0=60° with the horizontal at time t = 0. At time't' the 
velocity vector of the particle becomes perpendicular to the direction of velocity of projection. 

Q. 3 Its tangential acceleration at time't' is 
(A) 10 m/s2 (B) 5-^3 m/s2 (C)5m/s2 (D)zero 

Q.4 Its radius of curvature at time *t' is 
1 2 n 

(A) ^ J k m ( B ) ^ k m (C) 2 km (D) V2 km 

Question No. 5 to 6 
Two particles A&B of masses m and 2m respectively are connected through a spring in its natural 
length. They are projected directly away from each other along spring with the same speed. 

Q. 5 At the moment of maximum distance between them 
(A) The particles are moving with same speed in opposite direction 
(B) The particles are moving with same speed in same direction 
(C) Both the particles are at rest 
(D) None of these 

Q.6 Minimum individual speed ofthe particles are 
(A) A zero &B nonzero (B) A non-zero &B zero 
(C) A & B both non-zero (D) A&B both zero 

Q.7 An elastic string which obeys Hooke's law is found to extend by 1 cm when a mass is hung on it. It 
extends by another 1 cm when the attached mass uniformly moves in a horizontal circle forming a conical 
pendulum. The inclination of the string with the vertical is 
(A)30° (B)45° (C)60° (D)90° 

Q.8 Perpendicular axis theorem can't be applied for 
(A) ring (B)cone (C)disc (D) rectangular plane 

Q.9 The specific heat of the same substance is expressed in two units; C, cal/gm°C & C2 cal/gm°F. Then 
which of the following relation is true? 
(A)Cl>C2 (B)C1 = C2 (C)CJ<C 2 (D) C, &c2 cannot be compared 

Q. 10 A & B are two identical thermometers but bulb of A is spherical & that of B is cylindrical. Which ofthe 
thermometers will show the temperature quickly? 
(A) A ' (B)B 
(C) both (D) depends on the temperature to be measured 
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Q.l 

Q.2 

Q.3 

Consider the following statements 
A particle executing uniform circular motion have 
I. tangential velocity 
II. radial acceleration 
III tangential acceleration 
IV radial velocity 
of these statements 
(A) I and II are correct 
(C) II and IV are correct 

(B) I and III are correct 
(D) III and IV are correct 

The potential energy, U of three simple harmonic oscillations varies with 
displacement 'X' from the mean position as shown in the figure. These 
oscillators have the same mass but different amplitudes A p A 2 and A3 , 
Their characteristic frequencies Vj v2 and v3 are related to each other 

m = 
W AJ A 2 A 3 

[ I I I ] v 1 > v 2 > v 3 

(A) [I] & [II] are correct 
(C) [II] & [III] are correct 

[ I I ] v 1 A , = v 2 A 2 = v 3 A 3 

[ I V ] v ! < v 2 < v 3 

(B) [I] & [III] are correct 
(D) [II] & [IV] are correct 

AIA2A3
, X 

Three metal rods A, B and C of same length and cross-section are placed end to end and a temperature 
difference is maintained between the free ends of A and C. If the thermal conductivity of B(K b ) is twice 
that of C(KC) and half that o fA(K a ) , then the effective thermal conductivity of the system will be 

(A) 
7 

(B) 
6 K j 

T ( C ) 
7 K , 

( D ) 7 K F 

Q.4 Small beads of mass 4.5 g each are dropped f rom height h = 2 0 m on to a f loor at a constant rate of 
1000 beads per second. If the collision is perfectly inelastic, the force acting on the floor due to the 
beads at t = 10 second after they start hitting the floor (g = 1 Om/s2) is 
(A) 450 N (B) 90 N (C) 540 N (D) 630 N 

Q. 5 The total work done on a particle is equal to the change in its kinetic energy 
(A) always 
(B) only if the forces acting on the body are conservative 
(C) only if the forces acting on the body are gravitational 
(D) only if the forces acting on the body are elastic 

Q.6 PQ is a smooth inclined plane whose angle of inclination 0 can be varied in such 
a way that point Q remains fixed 8c P can move on a vertical line PR. A particle 
slides from rest from point P. At different values of 8 time for descent td from P 
to Q is noted. The following statement is true about td: 

1 
(A) minimum value of td is (B) td is minimum when 0 approaches 90° 

(C) td decreases continuously as 9 is increased. (D) td first increases then decreases as 0 is increased 



Q.7 AB is a string whose one end A is fixed at the highest point of a ring placed in A 
vertical plane. C is the centre of the ring. At other end B ofthe string, is attached 
a bead of mass m, which can slide along the ring. If the bead is in equilibrium at 
B & string is taut then the tenson in the string i§ 
(A)mgsin20 (B)mgcos0 
(C) 2mgcos0 (D) none of these 

Q. 8 Two strings support a uniform rod as shown. String at end B is cut. Which ofthe following is true just 
after cut 
[I] initial acceleration of A is vertical 
[II] initial acceleration of A is horizontal 
[III] initial acceleration of centre of mass of rod is vertical 
[IV] initial acceleration of centre of mass of rod is horizontal 
(A)[I]&[II] (B)[II]&[III] (C) [III] & [IV] (D)[I]&[IV] 

Q. 9 A uniform circular disc with the hole lies over a smooth horizontal surface, C is centre ofthe disc and 
A is a point on the rim of the disc as shown. As the temperature is increased. 
(A) C remains at rest& A to right 
(B) Both A & C move to right 
(C) Both remain at rest 
(D) C moves to left & A to right 

Q. 10 Which one of the following is a set of dimensionless physical quantities? 
(A) strain, specific gravity, angle (B) strain, work, couple 
(C) work, angle, specific gravity (D) work, energy, frequency 
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Q. 1 For a particle executing S.H.M., x = displacement from equilibrium position, v = velocity at any instant 

and a = acceleration at any instant, then 
(A) v-x graph is a circle (B)v-x graph is an ellipse 
(C)a-x graph is a straight line (D)a-v graph is an ellipse 

Q.2 A small mass executes linear SHM about O with amplitude a and period T. Its displacement from O at 
time T/8 after passing through O is: 
(A) a/8 (B)a/2V2 ".(C) a/2 (D)a/V2 

Q.3 A particle performs SHM with a period T and amplitude a. The mean velocity ofthe particle over the 
time interval during which it travels a distance a/2 from the extreme position is 
(A) 2a/T (B) 3a/T (C)a/2T (D)none 

Q.4 A particle executes SHM of period 1.2 sec and amplitude 8 cm. Find the time it takes to travel 3 cm from 
the positive extremity of its ospillation. 
(A) 0.28 sec (B) 0,32 sec ' (C) 0.17 sec (D) 0.42 sec 

Q. 5 A particle executes SHM on a straight line path. The amplitude of oscillation is 2 cm. When the 
displacement of the particle from the mean position is 1 cm, the numerical value of magnitude of acceleration 
is equal to the numerical value of magnitude of velocity. The frequency of SHM (in second-1) is: 
(A) 2 * S (B)2TT/V3 ,/ (C)S/(2%) (D) 1/(2% ̂ 3) 

Q. 6 Aparticle of mass 4 kg moves between two points A and B on a smooth horizontal surface under the 

action of two forces such that when it is at a point P, the forces are 2PA N and 2PB N. If the particle 
is released from rest at A, find the time it takes to travel a quarter of the way from A to B. 
(A) TT/2 s (B) 7t/3 S (C)TCS (D) k/4 S 

Q. 7 A stone is swinging in a horizontal circle 0.8 m in diameter at 30 rev/min. A distant light causes a shadow 
of the stone to be formed on a nearly vertical wall. The amplitude and period of the simple harmonic 
motion for the shadow ofthe stone are 
(A) 0.4 m, 4 s (B) 0.2 m. 2 s ; (C) 0.4 m, 2 s (D) 0.8 m, 2 s 

Q. 8 Aparticle moves along the x-axis according to: x = A. [ 1+ sin cot]. What distance does is travel between 
t = 0 and t = 2.5%/(o7 
(A) 4A (B) 6 A (C)5A (D)None 

Q.9 A spring has natural length 40 cm and spring constant 500 N/m. A block of mass 1 kg is attached at one 
end ofthe spring and other end of the spring is attached to ceiling. The block released from the position, 
where the spring has length 45 cm. 
(A) the block will perform SHM of amplitude 5 cm. 
(B) the block will have maximum velocity 3 0V5 cm/sec. 
(C) the block will have maximum acceleration 15 m/s2 

(D) the minimum potential energy of the spring will be zero. . 

Q. 10 A mass at the end of a spring executes harmonic motion about an equilibrium position with an amplitude 
A. Its speed as it passes through the equilibrium position is V If extended 2 A and released, the speed of 
the mass passing through the dquilibrium position wiii be 

(A)2V (B)4V ( C > f (D>7 
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Q.1 

Q.2 

Q3 

Q.4 

Q.5 

Q.6 

(a) 
(b) 

Q.7 

Q.8 

Q.9 

Q. 10 

The figure shows a graph between velocity and displacement tv(mcm/s) 
(from mean position) of a particle performing SHM: 
(A) the time period of the particle is 1.57s 
(B) the maximum acceleration will be 40cm/s2 

(C) the velocity of particle is 2V2J cm/s when it is at a distance 1 cm from the mean position. 
(D) none of these 
A man of mass 60 kg standing on a plateform executing S H.M. in the vertical plane. The displacement 
from the mean position varies asy=0.5 sin (27tft). The minimum value of f, for which the man will feel 
weight less ness at the highest point is: (y is in metres) 

(A) 4% (B) 4 Tig (C) 2tc 
(D) 2n^J2g 

A particle starts from a point Pat a distance of'A/2 from the mean position O & 
travels towards left as shown in the figure. If the time period of SHM, executed 
about OisT and amplitude A then the equation of motion of particle is: 

(2%^ , : .. . f^TZ , . STt^l (2lt 
(A) X=A sinI y 1 + 6 j (B) x=A sinj — t + y j (C) x - A cos I ' y t + g J (D) * - A cos 

A system of two identical rods (L-shaped) of mass m and length I are 
resting on a peg P as shown in the figure. If the system is displaced 
in its plane by a small angle e, find the period of oscillations: 

(A) 2xi 

J L 

N2J 2V2/ 121 \l 
I — < B ) 2 ^ 1 F ( D ) 3 ^ 

A circular disc has a tiny hole in it, at a distance z from its center. Its mass is M and radius R (R>z). A 
horizontal shaft is passed through the hole and held fixed so that the disc can freely swing in the vertical 
plane. For small disturbance, the disc performs SHM whose time period is minimum for z = 

(A)R/2 (B)R/3 (C)R/V2 (D)R/V3 
A platform is executing simple harmonic motion in a vertical direction with an amplitude of 5 cm and a 
frequency of 1 0/tt vibrations per seconds. Ablock is placed on the platform at the lowest point ofits path. 
At what height above the lowest point will the block leave the platform? 
How far will the block rise above the highest point reached by the platform? 
Find the time period of small oscillations of the spring loaded pendulum. The 
equilibrium position is vertical as shown. The mass of the rod is negligible and 
treat mass as a particle. 
A particle is doing SHM of amplitude 0.5 m and period it seconds. When in a position of instantaneous 
rest, it is given an impulse which imparts a velocity of 1 m/s towards the equilibrium position. Find the 
new amplitude of oscillation and find how much less time will it take to arrive at the next position of 
instantaneous rest as compared to the case if the impulse had not been applied. 
A block of mass 1 kg hangs without vibrating at the end of a spring with a force constant 1 N/cm attached 
to the ceiling of an elevator. The elevator is rising with an upward acceleration of g/4. The acceleration of 
the elevator suddenly ceases. What is the amplitude of the resulting oscillations. 
A particle is oscillating in a straight line about a centre of force O, towards which when at a distance x the force 
is mn2x where m is the mass, n a constant. The amplitude is a = 15 cm. When at a distance a\/3 / 2 from O the 
particle receives a blow in the direction of motion which generates extra velocity na. If the velocity is away 
from O, find the new amplitude. What is the answer ifthe velocity ofblockwas towards origin. 
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Q.l Two particles undergo SHM along parallel lines with the same time period (T) and equal amplitudes. At 

a particular instant, one particle is at its extreme position while the other is at its mean position. They 
move in the same direction. They will cross each other after a further time -
(A)T/8 (B) 3T/8 (C)T/6 (D)4T/3 Z 

Q.2 Equations y = 2A cos2 oat and y=A (sinrot + S cos cot) represent the motion of two particles. 
(A) Only one of these is S.H.M. (B) Ratio of maximum speeds is 2 : 1 
(C) Ratio of maximum speeds is 1 :1 (D) Ratio of maximum accelerations is 1:4 

Q.3 Aheavy brass sphere is hung from a light spring and is set in vertical small oscillation with a period T. The 
sphere is now immersed in a non-viscous liquid with a density 1/1 Oth the density ofthe sphere. If the 
system is now set in vertical S.H.M., its period will be 
(A)(9/10)T (B)(9/10)2T (C)(10/9)T (D) T 

Q 4 A cylindrical block of density p is partially immersed in a liquid of density 3 p. The plane surface of the 
block remains parallel to the surface of the liquid. The height of the block is 60 cm. The block performs 
SHM when displaced from it̂  mean positioa [Use g = 9.8 m/s2] 
(A) the maximum amplitude is 20 cm. - (B) the maximum amplitude is 40 cm 
(C) the time period will be 2tt/7 seconds. (D)none 

Q. 5 If the potential energy of a harmonic oscillator of mass 2 kg on its equilibrium position is 5 joules and the 
total energy is 9 joules when the amplitude is one meter the period of the Oscillator (in sec) is: 
(A) 1.5 (B)3:14 • (C) 6.28 (D)4.67 
[Hint: Total energy = U (0) + 1/2 kA2] 

Q.6 Two particles of mass 3M/4 and M, are connected by a massless spring of free length L and force 
constant k. These masses are initially at rest L apart on a horizontal frictionless table. Aparticle of mass 
M/4 moving with speed vaiong the linejoining the two connected masses, collides with and sticks to the 
particle of mass 3M/4. Find the amplitude and period with which the spring between the two masses 
vibration. 

Q.7 Two equal particles are connected by an elastic string which is just taut on a smooth table, the string 
being such that the weight of either particle would produce in it an extension a. If one ofthe particles is 
proj ected with velocity u directly away from the other, calculate the distance each particle would have 
travelled when the string first return to its natural length. 

Q. 8 Aparticle is executing SHM on a straight line. Aand B are two points at which its velocity is zero. It 
passes through a certain point P (AP<PB) at successive intervals of 0.5 and 1.5 sec with a speed of 
3m/s. Determine the maximum speed and also the ratio AP/PB. 

Q. 9 Auniform rod AB of mass m and length 4/ is free to rotate in a vertical plane about a smooth horizontal 
axis through a point P, distant x from the centre of the rod ofthe rod and performs small oscillations 
about its equilibrium position find period of oscillation and also find the value of x for which time period 

Q.10 A container of empty mass m is pulled by a constant force in which a second 
block of same mass m is placed connected to the wall by a mass less spring of 
constant k. Initially the springis in its natural length. Calculate the velocity ofthe 
container at the instant the compression in the spring is maximum for the first time. TTvrnmvTwrmrmv 
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Q. 1 AbaJl of mass m is attached to the lower end of a light vertical spring of force constant k. The upper end 

of the spring is fixed. The ball is released from rest with the spring at its normal length, and comes to rest 
again after descending through a distance x. 
(A) x=mg/k • . . ! • • • ' • 
(B)x=2mg/k 1 ;; 
(C) The ball will have no acceleration at the position where it has descended through x/2 
(D) The ball will have an upward acceleration equal to g at its lowermost position. 

Q.2 A block of mass 100 gm attached to a spring of stiffness 100 N/m is lying on a frictionless floor as 
shown. The block is moved to compress the spring by 10 cm and released. If the collision with the wall 
is elastic the time period of motion is 
(A) 0.2 sec (B)0.1 sec 

•(C) 0.155 sec (D) 0.133 see 
Q. 3 A wire frame in the shape of an equilateral triangle is hinged at one vertex so that it can swing freely in a 

vertical plane, with the plane of the A always remaining vertical. The side ofthe frame is i /v3 m. The 
time period in seconds of small oscillations of the frame will be 

( A ) ^ ( B ) W 2 . ( C ) ^ ( D ) ^ 

Q.4 A small bob attached to a light inextensible thread of length / has a periodic time T when 
allowed to vibrate as a simple pendulum. The thread is now suspended from a fixed end 

31 
O of a vertical rigid rod of length — (as in figure). If now the pendulum performs periodic 

oscillations in this arrangement, the periodic time will be 
(A)~- (B) | (C)T (D)2T 

Q.5 A body performs simple harmonic oscillations along the straight line ABCDE with C as the midpoint of 
AE. Its kinetic energies at B and D are each one fourth of its maximum value. IfAE=2R, the distance 
between B and D is 

( A ) ™ ( B ) ^ (C) 1/3 R <P)V2R B C D E 

Q.6 A particular S.H.M. has an amplitude of A& period T. The magnitude of its velocity and acceleration 
T/8 seconds after the particle reaches the extreme position would be & - respectively. 

Q.7 A spring block system is kept on a horizontal smooth plane as shown 
AB & CD are two rigid elastic walls. Separation between the block 
and wall CD is d. 

(1) What is the maximum velocity that can be imparted to the block, of 
mass m, towards the wall CD such that time period of the oscillations 
under the action of spring force, is 2n4m / k • sec where K is the 
spring constant ofthe ideal massless spring, 

(ii) If the velocity imparted to the block is twice this maximum value find the 
time period of oscillations of the spring block system. 



Q. 8 Suppose themass mis attached to along uniform spring oflengthL and observed to oscillate at a frequency 
f0. Nowthe spring is cut into two pieces oflengths xL and (1 -x)L. Mass mis divided into two pieces in this 
same ratio with m,=xm and m2= (1 - x)m. The larger mass is attached to the shorter spring and the smaller 
mass to the larger spring. Find the frequency of oscillation for each ofthe two spring. 

Q.9 A block ofmassM=lkg resting on a smooth horizontal surface, is coraiectedto a horizontal light spring 
of spring constant K=6N/m whose other end is fixed to a vertical wall. Another block ofmassm=0.5kg 
is mounted on the block M. If the coefficient of friction between the two blocks is |*=0.4, find the 
maximum kinetic energy that the system can have for simple harmonic oscillations under the action of 
the spring. 

Q. 10 A block of mass mis attached to a vertical springs as shown. The block is held such that initial 
. • 3mg • J; 

elongation in spring is ——. The block is released from this position. Find the displacement 
K. 

of the block from its initial position as a function of time & plot graph ofblock's 
velocity with time for duration of one oscillation after release. 
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Q 1 Two p articles execute SHM of same amplitude of 20 cm with same period along the same line about the 
same equilibrium position. The maximum distance between the two is 20 cm. Their phase difference in 
radians is ' 

< A ) f (B)- (C)" (D)" 

Q.2 Aparticle executes SHM with time period T and amplitude A. The maximum possible average velocity 

• T -

in time —is 

( A ) f 

(B) 
4 A 

( O f (D) 
4^2A 

Q 3 

Q.4 

Q 5 

Two particles P and Q describe simple harmonic motions of same period., same amplitude, along the 
same line about the same equilibrium position O. WhenP and Q are on opposite sides o f t ) at the same 
distance from O they have the same speed of 1.2 m/s in the same direction, when their displacements are 
the same they have the same speed of 1.6 m/s in opposite directions. The maximum velocity in m/s of 
either particle is 
(A)2.8 (B) 2.5 ' (C) 2.4 (D)2 

Two particles A and B perform SHM along the same straight line with the same amplitude 'a', same 
frequency ' f and same equilibrium position 'O'. The greatest distance between them is found to be 
3 a/2. At some instant of time they have the same displacement from mean position. What is the displacement? 

(A) a/2 (B) a-s/7/4 (C) Via / 2 . (D) 3a/4 

A particle of mass m moves in a one-dimensional potential energy U(x) = -ax 2 + bx4, where 'a' and 'b' 
are positive constants. The angular frequency of small oscillations about the minima ofthe potential 
energy is equal to 1 ^ 

(A 

Q.6 

(a) 
(b) 

Q 7 

In the arrangement shown, the spring of force constant 600N/m is in the 
unstretched position. The coefficient of friction between the two blocks is 0.4 
and that between the lower block & ground surface is zero. If both the blocks 
are displaced slightly and released, the system executes SHM. 
Find time period of their oscillation if they do not slip w.r.t. each other. 
What is the maximum amplitude of the oscillation for which sliding 
between them does not occur. 

A block of mass 'm' is interconnected to a block of mass '2m5 by a massless linear 
spring of force constant 'k', as shown. The upper block is initially resting in equilibrium. 
A constant force 'F' starts acting on the upper block at a certain instant of time, t = 0. If 
F = mg, find 'y' as a function oftime 't ' where y = upward displacement of 'm ' from its 
initial position. 



Q.8 In the figure shown a light spring of spring constant 'k' is attached at the ends of 
two uniform identical rods of mass'm' and length 7' each. The rods can rotate 
about other ends. They are rotated by same and small angles in opposite direction 
in the plane of the figure and released. Neglecting the effect of 
gravity, find the frequency of oscillation of the rods. 

m,l 

Q. 9 In the figure shown the spring is relaxed:; The spring is eompressed 
by 2 A and released. Mass m attached with the spring collides with 
the wall & loses two third of its kinetic energy & returns, Find the 
time after which the spring will have maximum compression first time 
after releasing. (Neglect Friction) 

Q. 10 Two blocks P and Q of masses 0.3 kg and 0.4 kg respectively are stuck to 
each other by some weak glue as shown in the figure. They hang together 
at the end of a spring with a spring constant K=200 Nnr1. The block Q 
suddenly falls free due to failure of glue find 

(i) period of SHM block P 
(ii) Amplitude of its SHM 
(iii) Total energy of oscillation ofthe system 

I 
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Q. 1 The pressure at the bottom of a tank of water is 3P where P is the atmospheric pressure. If the water is 

drawn out till the level of water is lowered by one fifth., the pressure at the bottom of the tank will now be 
(A)2P (B) (13/5) P (C) (8/5) P (D)(4/5)P 

Q.2 A wooden ball of density p is immersed in water of density a to depth h and then released. The height H 
above the surface of water up to which the ball will jump out of water is 

( A ) ~ ( B ) f j - l ] h (C)h (D) zero 

Q. 3 A hollow sphere of mass M and radius r is immersed in a tank of water (density pw). The sphere would 
float if it were set free. The sphere is tied to the bottom ofthe tank by two wires which makes angle 45° 
with the horizontal as shown in the figure. The tension T[ in the wire is : 

^ 7 t R 3 p w g - M g 2 _,3 ' 
(A) X (B) - 7C R pwg - Mg 

3 

4 
— TTR p w g - M g 4 , 

(Q 3 r ! _ (D) —7ER pwg + Mg 
t :t»-A5V 
~ r/45- 45> 

2 3 

Q.4 A metal ball of density 7800 kg/m3 is suspected to have a large number of cavities. It weighs 9.8 kg 
when weighed directly on a balance and 1.5 kg less when immersed in water. The fraction by volume of 
the cavities in the metal ball is approximately: 
(A) 20% (B) 30% (C) 16% (D) 11 % 

Q. 5 A light semi cylindrical gate of radius R is piovted at its mid point O, of the diameter 
as shown in the figure holding liquid of density p. The force F required to prevent the 
rotation of the gate is equal to 

(A) 27tR3pg (B) 2pgR3/ ( C ) ^ y - - - (D) none of these 

Q. 6 A cube of wood supporting 200 g mass just floats in water. When the mass is removed, the cube rises by 
2 cm. What is the size ofthe cube? 

Q. 7 The time period of a simple pendulum is T. Now the bob is immersed in a liquid of density a. If density 
of material of bob is p, what will be the new time period of the pendulum. 

Q.8 An object hangs from a spring balance. The balance registers 30 N in air, 20 N when this object is 
immersed in water, and 24 N when the object is immersed in another liquid of unknown density. What is 
the density of that other liquid? 

Q. 9 A piece of ice floats in a vessel with water above which a layer of a lighter oil is poured. How will the 
level ofthe interface change after the whole of ice melts? What will be the change in the total level of 
liquid in the vessel? 

Q. 10 Two bodies of the same volume but of different masses are in equlibrium on a lever. Will the equilibrium 
be violated if the lever is immersed in water so that the bodies are completely submerged? 

I 
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Q.l A sphere of radius R and made of material of relative density c has a concentric cavity of radius r. It just 

floats when placed in a tank full of water. The value ofthe ratio R/r will be 
/ \1/3 / iN1 

(C) 
CT + 1 

a (D) CT + lJ 

Q.2 

Q.3 

The vessel shown in the figure has two sections. The lower part is a rectangular vessel with area of 
cross-section A and height h. The upper part is a conical vessel of height h with base area 'A' and top 
area' a' and the walls ofthe vessel are inclined at an angle 30° with the vertical. A liquid of density p fills 
both the sections upto a height 2h. Neglecting atmospheric pressure. 

(A) The force F exerted by the liquid on the base of the vessel is 2hpg (A+A) 

(B) the pressure P at the base of the vessel is 2hpg — 

(C) the weight of the liquid W is greater than the force exerted by the liquid on the base 
(D) the walls of the vessel exert a downward force (F-W) on the liquid. 

A body having volume V and density p is attached to the bottom of a container 
as shown. Density of the liquid is d(>p). Container has a constant upward 
acceleration a. Tension in the string is 
(A) V[Dg-p(g+a)] (B) V(g+a) (d - p) (C)V(d-p)g (D)none 

Q.4 A hollow cone floats with its axis vertical upto one-third of its height in a liquid of relative density 0.8 and 
with its vertex submerged. When another liquid of relative density p is filled in it upto one-third of its 
height, the cone floats upto half its vertical height. The height ofthe cone is 0.10 m and the radius ofthe 
circular base is 0.05 m. The specific gravity p is given by 
(A) 1.0 (B) 1.5 (C) 2.1 (D) 1.9 

Q.5 A beaker containing water is placed on the platform of a spring balance. The balance reads 1.5 kg. A 
stone of mass 0.5 kg and density 5 00 kg/m3 is immersed in water without touching the walls ofbeaker. 
What will be the balance reading now? 
(A) 2 kg (B) 2.5 kg (C) 1 kg (D) 3 kg 

Q.6 A rod oflength 6m has a mass 12 kg. It is hinged at one end at a distance of 3m below water surface. 
(a) What weight must be attached to the other end of the rod so that 5m ofthe rod is submerged. 
(b) Find the magnitude and direction of the force exerted by the hinge on the rod. 

(specific gravity of the rod is 0.5) 

Q.7 There are three immiscible liquids of densities pj, p2 and 
p3. If the first two liquids are taken in a 
U-tube then they stand like fig(i). When all the three liquids 
are taken in U-tube, they stand like fig(ii). Find the ratio of 
the densities of the three liquids. 

Fig.(i) Fig.(ii) 



Q.8 A cylindrical block of density p is partially immersed in a liquid of density 3 p. The plane surface ofthe 
block remains parallel to the surface ofthe liquid. The height ofthe block is 60 cm. The block performs 
SHM when displaced from its mean position, find [Use g=9.8 m/s2] 

(b) the time period 

Q.9 A wooden block (having cross-sectional area A), with a coin (having volume V ~ 
and density d) placed on its top floats in water as shown in figure. If the coin is 
lifted and then dropped into water, find 

(a) change in the submerged length (/) ofthe block. 
(b) change in the water level (h) in container. Cross sectional area ofthe container is 

A, & density of water is p. 

Q. 10 A liquid of density 2p is filled in a cylindrical vessel, whose cross-sectional area is 
2A. A wooden cylinder ofheight H, cross-sectional area A and density p is floating 
in the liquid at equilibrium with its axis vertical. The cylinder is pushed down by a 
small distance x from its equilibrium position and released. Find its initial acceleration. 

1l 
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Q.3 

Q4 

Q.5 

Q. 1 An open-ended U-tube of uniform cross-sectional area contains water (density 
1.0 gram/centimeter3) standing initially 20 centimeters from the bottom in each 
arm. An immiscible liquid of density 4.0 grams/ centimeter3 is added to one arm 
until a layer 5 centimeters high forms, as shown in the figure above. What is the 
ratio hj/hj ofthe heights ofthe liquid in the two arms? 
(A) 3/1 (B) 5/2 (C) 2/1 (D) 3/2 

Q, 2 There is a metal cube inside a block of ice which is floating on the surface of water. 
The ice melts completely and metal falls in the water. Water level in the container 
(A) Rises (B) Falls 
(C) Remains same (D) Nothing can be concluded 

h a -

A uniform solid cylinder of density 0.8 g/cm3 floats in equilibrium in a combination of two non-mixing 
liquid A and B with its axis vertical. The densities ofliquidAand B are 0.7 g/cm3 and 1,2 gm/cm3. The 
height ofliquid A is hA = 1.2 cm and the length ofthe part of cylinder immersed in liquid B is hB = 0.8 cm. 
Then the length part ofthe cylinder in air is 
(A) 0.21cm (B) 0.25 cm (C) 0.35 cm (D) 0.4 cm 

A cylindrical block of area of cross-section A and of material of density p is 
placed in a liquid of density one-third of density ofblock. The block compresses 
a spring and compression in the spring is one-third of the length of the block. If 
acceleration due to gravity is g, the spring constant ofthe spring is: 
(A) pAg (B) 2pAg (C) 2pAg/3 (D) pAg/3 

A heavy hollow cone of radius R and height h is placed on a horizontal table surface, with its flat base on 
the table. The whole volume inside the cone is filled with water of density p. The circular rim of the 
cone's base has a watertight seal with the table's surface and the top apex of the cone has a small hole. 
Neglecting atmospheric pressure find the total upward force exerted by water on the cone is 
(A)(2/3)7tR2hpg (B) (l/3);cR2hpg (C)itR2hpg (D)None 

Q.6 An inverted hollow cone, ofheight H and radius at the top = R, is filled completely with 
a liquid of density d.Neglect atmosphere pressure. 

(a) Find horizontal component of the force which the liquid exerts on 
half curved side wall of the cone. 

(b) Find the vertical downward component of the thrush force due to water pressure which the liquid exerts 
on half side curved wall ofthe cone. 

Q.7 A uniform rod of length 2L and density p0 is hinged at one end which is 
in liquid of density p,, at a depth 2h below the surface. A liquid of 
smaller density p2 is added on the top of the first liquid, if in the inclined 
position of equilibrium, the rod is just covered by the liquid. Then find f 
the inclination(G) of the rod from vertical. " ^ 

| 

I 



Q.8 A parabolic smooth wire frame of equation y = x2 is fixed inside water as B A 
shown. A small bead of specific gravity 0.5 is threaded on wire and is kept | V / 
at the origin at rest. When it is pushed gently towards+ve x-axis, it moves i/4m \ yt J 
on the wire frame. j, 

(a) What is the velocity of the ball when it reaches the surface of the water? o x" 
(b) What are the coordinates of the ball when it hits water after leaving the surface at A ? 

Neglect effects of viscosity. 

Q.9 A liquid of density 2p is filled in a cylindrical vessel, whose cross-sectional area is 2A. A wooden 
cylinder of height H, cross-sectional area Aand density p is floating in the liquid at equilibrium with its 
axis vertical. Find the minimum work which external agent has to do to pull the cylinder completely out 
ofthe liquid. 

Q. 10 A hollow cylinder of radius R open at the top contains some liquid spins about its vertical axis. 
(a) Calculate the height of vessel so that the liquid just reaches the top ofthe vessel and begins to uncover 

the base at angular speed co. 
(b) If the speed is now increased to 2o. What area of the base will be uncovered? 
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Q.l A water barrel stands on a table of height h. If a small hole is punched in the side of the barrel at its base, 

it is found that the resultant stream of water strikes the ground at a horizonatl distance R from the barrel. 
The depth of water in the barrel is 

(A)f (C^ <»>! 
Q.2 

Q.3 

Q.4 

Q.5 

A cyclindrical vessel of cross-sectional area 1000 cm2, is fitted with a frictionless piston of mass 
10 kg, and filled with water completely. A small hole of cross-sectional area 10 mm2 is opened at a point 50 
cm deep from the lower surface of the piston. The velocity of efflux from the hole will be 
(A) 10.5 m/s (B) 3.4 m/s (C) 0.8 m/s (D) 0.2 m/s 

Alaminar stream is flowing vertically down from a tap of cross-section area 1 cm2. At a distance 10 cm 
below the tap, the cross-section area of the stream has reduced to 1 /2 cm2. The volumetric flow rate of 
water from the tap must be about 
(A) 2.2 litre/min (B)4.91itre/min (C) 0.5 litre/min (D) 7.6 litre/min 

A horizontal right angle pipe bend has crosssectional area =10 cm2 and water flows through it at 
speed = 20 m/s. The force on the pipe bend due to the turning of water is: 
(A) 565.7 N (B) 400 N (C)20N (D) 282.8 N 

A tank is filled upto a height h with a liquid and is placed on a platform 
of height h from the ground. To get maximum range xm a small hole is 
punched at a distance of y from the free surface of the liquid. Then 
(A) xm = 2h 
(B)x m =1.5h 
(C) y = h 
(D) y = 0.75 h 

ffmrmmnTTj, 

Diniimiihnniih 

Q.6 

(i) 
(ii) 
Cm) 

Afixed container of large uniform cross sectional area Aresting on a horizontal surface 
holds three immiscible, non-viscous and incompressible liquids of densities p, 2p and 
3 p each of height H/3 as shown. The liquid with lowest density is open to atmosphere 
(having pressure P0). Atiny hole of area S (S < < A) is punched on the vertical side 
of the container at a height h (h < H/3). Determine 
the initial speed of efflux of the liquid through the hole 
the horizontal distance x travelled by the liquid initially 
the height hm (< H/3) at which the hole should be punched so that the liquid travels the maximum distance 
X . 

p 

2p 

3p 

Q.7 Arectangular tank of height 10m filled with water, is placed near the bottom of 
an incline of angle 30°. At height x from bottom a small hole is made as shown 
figure such that the stream coming out from hole, strikes 
the inclined plane normally. Find x. 



Q. 8 A tank containing gasoline is sealed and the gasoline is under pressure 
P 0 as shown in figure. The stored gasoline has a density of 660 kg 
n r 3 . A sniper fires a rifle bullet into the gasoline tank, making a small 
hole 53 m below the surface of the gasoline. The total height of 
gasoline is 73 m f rom the base. The jet of gasoline shooting out of 
the hole strikes the ground at a distance of 80m from the tank initially. 
Find the pressure P 0 above the gasoline surface. The local 
atmospheric pressure is 10 5 Nnr 2 . 

1 1 J J J A U 
gasoline 

^660 kg m-1 

Q.9 

(a) 
(b) 

Two identical orifices are made on one side of an open tank along same vertical 
line. The height ofwater above the upper orifice is 3 m. I f the je tsofwater f rom 
the two orifices intersect at a horizontal distance 8 in from the tank. 
Estimate the vertical distance between the two orifices. 
Also calculate the vertical distance of the point of intersection of the jets from 
the water level in the tank. 

Q.10 A siphon tube is discharging a liquid of specific gravity 0.9 f rom 
a reservoir as shown in fig. find 
(a) find the velocity of the liquid coming out of siphon at D 
(b) find the pressure at the highest point B 
(c) find the pressure at point C, here g = 10 m/s2 . 

1.5m 
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Q.l 

Q.5 

Equal volumes of two immiscible liquids of densities p and 2p are filled 
in a vessel as shown in figure. Two small holes are punched at depth h/ 
2 and 3h/2 from the surface of lighter liquid. Ifvj and v2 are the velocities 
of a flux at these two holes, then vj/v2 is: 

1 
(B)I ( C ) i 

1 

Q 2 

Q.3 

Q 4 

A horizontal pipe line carries water in a streamline flow. At a point along the tube where the cross-sectional 
area is 10~2 m2, the water velocity is 2 ms-1 and the pressure is 8000 Pa. The pressure of water at 
another point where the cross-sectional area is 0.5 x 10~2 m2 is: 
(A) 4000 Pa (B) 1000 Pa (C) 2000 Pa (D) 3000 Pa 

Water coming out of a horizontal tube at a speed v strikes normally a vertically wall close to the mouth 
of the tube and falls down vertically after impact. When the speed of water is increased to 2v. 
(A) the thrust exerted by the water on the wall will be doubled 
(B) the thrust exerted by the water on the wall will be four times 
(C) the energy lost per second by water strikeup the wall will also be four times 
(D) the energy lost per second by water striking the wall be increased eight times. 

A cylindrical vessel is filled with a liquid up to height H. A small hole is made in the vessel at a distance y 
below the liquid surface as shown in figure. The liquid emerging from the hole strike the ground at 
distance x 
(A) if y is increased from zero to H, x will decrease and then increase 

H 
(B) x is maximum for y - ~ 

(C) the maximum value of x is — 

(D) the maximum value of x increases with the increases in density of the liquid 

A steady flow of water passes along a horizontal tube from a wide section X to the narrower section Y, 
see figure. Manometers are placed at P and Q at the sections. WTiich of the statements A, B, C, D, E is 
most correct? 
(A) water velocity at X is greater than at Y — — Y — 
(B) the manometer at P shows lower pressure than at Q —I1 ) I [Q 
(C) kinetic energy per m3 of water at X = kinetic energy per m3 at Y llP 

(D) the manometer at P shows greater pressure than at Y 

Q.6 A cylindrical vessel open at the top is 20 cm high and 10 cm in diameter. A circular hole whose 
cross-sectional area 1 cm2 is cut at the centre of the bottom of the vessel. Water flows from a tube above 
it into the vessel at the rate 100 cm3 s-1. Find the height of water in the vessel under steady state. 
(Take g = 1000 cm s"2) 



Q. 7 A cylindrical vessel filled with water upto height of H stands on a horizontal plane. The side wall ofthe 
vessel has a plugged circular hole touching the bottom. The coefficient of friction between the bottom of 
vessel and plane is \x and total mass ofwater plus vessel is M. What should be minimum diameter of hole 
so that the vessel begins to move on the floor if plug is removed (here density of water is p)? 

Q. 8 Shows the top view of a cylindrical can mounted on a turntable. 
The can is filled with water. At a depth h below the water surface 
are two horizontal tubes oflength / and cross-sectional area a, 
with right-angle bends at their ends. Show that, as the water 
jets emerge from the tubes, there is a torque x exerted on the 
system given by the expression t = 4pgh (r +1)a, where p is the 
density of the water. 

Q. 9 A vessel Afilled with water communicates with the atmosphere through a narrow 
glass tube A passing through the throat ofthe vessel as in the given figure. Ahole 
F is h2 = 2cm from the bottom of the vessel. 

(a) Find the velocity with which the water flows out of the hole F if the distance 
between the end of the tube and the bottom of the vessel is h, = 1 Ocm 

(b) Also find the time in which the water level in vessel falls by 5 cm. 
Given area of cross section of vessel is 1000 times the area ofhole. 

Q.10 In a cylindrical vessel of base area 0.01 m2, a hole is made on side walls 
and water is found to emerge with a velocity of 10 m/s. Find the velocity 
of water coming out if a block of wood of mass 1 kg is gently floated on 
same water surface. Assume that the hole is of negligible cross section 
area and the total volume of water is same in both the cases. 
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Q. 1 Along capillary tyube of radius 'r' is initially just vertically completely imerged inside a liquid of angle of 

contact 0°. If the tube is slowly raised then relation between radius of curvature of of miniscus inside the 
capillary tube and displacement (h) of tube can be represented by 

(A) (B) (C) 
~1r 

(D) 

Q.2 A soap bubble has radius Rand thickness d ( « R ) as shown. It colapses into 
a spherical drop. The ratio of excess pressure in the drop to the excess pressure 
inside the bubble is 

(B) 6d 
(D) None 

R » d 

Q. 3 When an air bubble rises from the bottom of a deep lake to a point just below the water surface, the 
pressure of air inside the bubble 
(A) is greater than the pressure outside it (B) is less than the pressure outside it 
(C) increases as the bubble moves up (D) decreases as the bubble moves up 

Q.4 A liquid is filled in a spherical container of radius Rtill a height h. At this positions 
the liquid surface at the edges is also horizontal. The contact angle is 

(A) 0 

(C) cos-
h - R 

R 

(B)cos-1 

(D) sin-1 

R - h 
R 

R - h 
R 

Q. 5 A cylinder with movable piston contains in it air under pressure Pj and a soap bubble of radius r. Surface 
tension is T and temperature is maintained constant. Determine the pressure P2 to which the air should 
be compressed by moving piston into cylinder for the soap bubble to reduce its radius to r/2. 

Q.6 The figure shows an inverted U like tube with straight limbs ofunequd radii rj =0.25mmand 
r2= 0.50 mm. Both the open ends ofthe tube are immersed below the free surface ofwater. 
The air is pumped into the upper part of the tube at such pressure so that the water in the 
wider tube is at level with the water outside, Find the height h ofwater in the other limbs. 
Take angle of contact as zero and surface tension of water=7 x 10~~2 N/m. 

Q.7 A soap film is formed on a vertical equilateral triangular frame ABC. SideBC 
can move vertically always remaining horizontal. If m is the mass of rod BC, and 
T is surface tension of soap film find 

(a) the length of BC in equilibrium. 
(b) the time period of small oscillations about the equilibrium position. 



Q. 8 There is an air bubble of radius R inside a drop ofwater of radius 3R. Find the ratio f*. 
of gauge pressure at point A to the gauge pressure at point B. 

Q.9 Along vertical capillary ofradiusR is dipped in a liquid having surface tension T. Find the gauge pressure 
at the raid point of the liquid column in the capillary. Take angle of contact 9. 

Q. 10 A U tube has 2 tubes of radius 1 mm and 1.5 mm what will be the difference in _ 
water level in two limbs? 
Given: Contact angle q = 0°, surface tension = 7.5 x 10~2 N/m. L 
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Q. 1 There is a 1 mm thick layer of glycerine between a flat plate of area 100 cm2 & a big fixed plate. If the 

coefficient of viscosity of glycerine is 1.0 kg/m-s then how much force is required to move the plate with 
a velocity of 7 cm/s? 
(A) 3.5 N (B) 0.7 N (C) 1.4 N (D)None 

Q.2 A sphere of mass m is released from rest in a stationary viscous medium. In addition to the gravitational 
force of magnitude mg, the sphere experiences a retarding force of magnitude bv, where v is the speed 
of the sphere and b is a constant. Assume that the buoyant force is negligible. Which of the following 
statements about the sphere is correct? 
(A) Its kinetic energy decreases due to the retarding force. 
(B) Its kinetic energy increases to a maximum, then decreases to zero due to the retarding force. 
(C) Its speed increases to a maximum, then decreases back to a final terminal speed. 
(D) Its speed increases monotonically, approaching a terminal speed that depends on b but not on m. 
(E) Its speed increases monotonically, approaching a terminal speed that depends on both b and m. 

Q. 3 The displacement of a ball falling from rest in a viscous medium is platted against time. Choose a possible 
option 

(A) (B) (C) (D) 

Q.4 Which of the following is the incorrect graph for a sphere falling in a viscous liquid? 
(Given at t = 0, velocity v = 0 and displacement x=0.) 

(A) CD) 

Q. 5 A ball of mass m and radius r is gently released in a viscous liquid. The mass of the liquid displaced by it 
is m' such that m > m'. The terminal velocity is proportional to 

(A) (B) 
m+m' 

(C) 
(m + m1) 

(D) (m-m')r2 

Q.6 A thin plate is placed between two flat surfaces h cm apart such that the viscosity of liquids on the top 
and bottom of the plate are p, and \x2 respectively. Determine the position of the thin plate such that the 
viscous resistance to uniform motion of the thin plate is minimum. [Assume h to be very small]. 

Q.7 Thespacebetweentwocoaxialdiskseachof20cmdiameterisfilledwithoilof0.01 cm thickness. Ifthe 
coefficient of viscosity ofthe oil is 0.08 N-s/m2. Calculate the torque required to rotate one disk relative 
to the other at 10 rev/sec. 

Q. 8 Two equal drops of water fall through air with a steday velocity of 10 cm/s. Ifthe drops coalesce. What 
will be the new terminal velocity. 



Q. 9 A sphere of having radius r and density p is projected vertically downwards into a liquid of density 2p 
and viscosity r\ with a velocity v0. Find the time when the sphere is at its lowest position in terms of v0 

2pr2g 
and g. (Given v 0 = - ^ ~ ) . 

Q. 10 Two balls of same material of density p but radius r, and r2 are joined by a light inextensible vertical 
thread and released from a large height in a medium of coefficient of viscosity = r\. Find the terminal 
velocity acquired by the balls. Also find the tension in the string connecting both the balls when both of 
them are moving with terminal velocity, Neglect buoyancy and change in acceleration due to gravity. 


